a2 United States Patent

Yang et al.

US009125193B2

US 9,125,193 B2
*Sep. 1, 2015

(10) Patent No.:
(45) Date of Patent:

(54)

(71)
(72)

(73)

")

@
(22)

(65)

(62)

(60)

(1)

METHOD AND APPARATUS FOR
TRANSMITTING CONTROL INFORMATION

Applicant: LG ELECTRONICS INC., Seoul (KR)

Inventors: Suckchel Yang, Anyang-si (KR);
Mingyu Kim, Anyang-si (KR); Joonkui
Ahn, Anyang-si (KR); Dongyoun Seo,
Anyang-si (KR)

Assignee: LG ELECTRONICS INC., Seoul (KR)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 174 days.

This patent is subject to a terminal dis-
claimer.

Appl. No.: 13/770,808

Filed: Feb. 19, 2013
Prior Publication Data
US 2013/0163487 Al Jun. 27, 2013

Related U.S. Application Data

Division of application No. 13/806,087, filed as
application No. PCT/KR2011/006910 on Sep. 19,
2011.

Provisional application No. 61/384,300, filed on Sep.
19, 2010, provisional application No. 61/389,693,
filed on Oct. 4, 2010, provisional application No.
61/409,956, filed on Nov. 3, 2010, provisional
application No. 61/417,282, filed on Nov. 26, 2010,
provisional application No. 61/436,596, filed on Jan.
26, 2011.

Int. Cl1.

HO4W 72/04 (2009.01)
HO4L 1/18 (2006.01)
HO4L 5/00 (2006.01)
HO4W 52/02 (2009.01)

system information
initial cell search ~ reccption

random access procedure

HO4L 5/14

HO4W 28/04
USS. CL

CPC ........ HO4W 72/0413 (2013.01); HO4L 1/1854

(2013.01); HO4L 1/1893 (2013.01); HO4L

5/001 (2013.01); HO4L 5/0032 (2013.01);

HO4L 5/0055 (2013.01); HO4L 5/14 (2013.01);

HO4W 52/0209 (2013.01); HO4L 5/0082

(2013.01); HO4L 5/0094 (2013.01); HO4W

28/04 (2013.01)

(2006.01)
(2009.01)
(52)

(58) Field of Classification Search
CPC ... HO04L 5/001; HO4L 5/0053; HO4L 5/0055;
HO04W 72/0413; HO4W 72/042

See application file for complete search history.
(56) References Cited
U.S. PATENT DOCUMENTS

2010/0195629 Al
2011/0051680 Al*

8/2010 Chen et al.

3/2011 Kwaketal. .....cocoeenne 370/329
(Continued)

OTHER PUBLICATIONS

ASUSTeK, “Consideration on Simultaneous Transmission of SRI
and HARQ-ACK in case of channel selection”, 3GPP TSG RAN
WG1 Meeting #62bis, R1-105298, Xi’an, China, Oct. 11-15,2010,3
pages.

(Continued)

Primary Examiner — Yong Zhou
(74) Attorney, Agent, or Firm — Birch, Stewart, Kolasch &
Birch, LLP

(57) ABSTRACT

The present invention relates to a wireless communication
system. More particularly, the present invention relates to a
method and apparatus for transmitting uplink control infor-
mation in the event of a plurality of cell, wherein the method
comprises the following steps: receiving a PDCCH and/or a
PDSCH; generating reception acknowledgement informa-
tion for said PDCCH and/or PDSCH; and transmitting the
reception acknowledgement information in an SR subframe
via a PUCCH.

16 Claims, 20 Drawing Sheets

general DL/UL Tx/Rx
5308

\' PDCCH/
PDSCH
(BCCH)

PIS-SCH &
[DLRS] &
PBCH

PDCCH/
PDSCH

5403

S404

§405

+ DL/UL ACK/NACK
* UE CQI/PMI/rank report using
PUSCH and PUCCH

S406 §307



US 9,125,193 B2
Page 2

(56) References Cited
U.S. PATENT DOCUMENTS

2011/0205981 Al* 82011 Kooetal. ... 370/329

2011/0243066 Al* 10/2011 Nayeb Nazaretal. ... 370/328

2012/0120908 Al 5/2012 Ahn et al.

2012/0307773 Al* 12/2012 Tiirolaetal. ............ 370/329
OTHER PUBLICATIONS

Panasonic, “SORTD configurations for ACK/NACK information and
SRI”, 3GPP TSG RAN WG1 Meeting #62bis, R1-105482, Xi’an,
China, Oct. 11-15, 2010, pp. 1-4.

Samsung, “Discussion on concurrent transmission of SRI and CA
ACK/NACK information for LTE-Advanced”, 3GPP TSG RAN
WGl #62bis, R1-105366, Xi’an, China, Oct. 11-15, 2010, pp. 1-7.
Texas Instruments, “Multiplexing SR and HARQ-ACK feedback on
PUCCH”, 3GPP TSG RAN WGl #62bis, R1-105702, Xian, China,
Oct. 11-15, 2010, pp. 1-4.

3GPP TS 36.213, V10.1.0 (Mar. 2011), 3rd Generation Partnership
Project; Technical Specification Group Radio Access Network;
Evolved Universal Terrestrial Radio Access (E-UTRA); Physical
Layer Procedures (Release) 10, Mar. 2011, 115 pages.

* cited by examiner



US 9,125,193 B2

Sheet 1 of 20

Sep. 1, 2015

U.S. Patent

H2INd Pue HOSNd
Fursn podax yues TN /AOD AN +
MOVYNADY T/Ta -  LOES 90¥S  SOFS vO¥S  C0FS 20¥S [0FS
{ |
) (HD@ Y || HOAd
e HoSad \ || ®Isw1al
MHIIAd \ || HOS - S\

WYX 10/1(q [erouss ampasoud 553008 Wopues DOYLOp] WSS

1 Old

vondoooy  YAIBAS [[39 [eTiul




US 9,125,193 B2

Sheet 2 of 20

Sep. 1, 2015

U.S. Patent

(q)
SLddn dD  siama siadn 49 SLiMA
\ // oEmﬁn_ﬁm O
,
lpoweyqngfgowryqugpoweyang| | | [cpoweyqng _%% yqngesaweyqngfepoweyang] || _oﬁeﬁém
T T - F|L Tlﬂ)

ST T T~ [5109g51="8],
T - J0[s duQ

_ _ln|J

| S = [009€§="1 aWIj-JIeq Q)

SWQ[ = LO7L0€= L3I} o1per auQ)

()

ower-qng

1# 0#

1915

aurelf ompey

Ve O



U.S. Patent Sep. 1, 2015 Sheet 3 of 20 US 9,125,193 B2

FIG. 2B
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FIG. 5
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FIG. 8
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FIG. 11

monitoring CC for UE

E:) DL component carrier A/ DL component carrier B DL component carrier C
o
£ A A A
4 — Y N
X T
N

N SR
CI% \ m\
CIF

subframe
PDSCH

FIG. 12

symbol sequenee = {dl, d2,..} |

o, U0 _o® a9
' [FFT| [FFT] [FFT]

[ [ [
| 1T | | eFT || IFFT |

Ndwa [TRS ] dan [[dwa [[data [] RS

1 slot




U.S. Patent Sep. 1, 2015 Sheet 12 of 20 US 9,125,193 B2

FIG. 13
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FIG. 14

CC reconfiguration
timing in BS

Interval in which CC configuration
in UE is uncertain
BS The number of CCs =3 The number of CCs =2 The number of CCs =2

UE

’ time

RRC reconfiguration or
L1/L2 signaling
The number of CCs =3 The number of CCs =2 time

(PCC=ACK, 2SCC=NA(K) (PCC=ACK, ISCC=NACK)

CC reconfiguration time in UE



U.S. Patent Sep. 1, 2015

Sheet 14 of 20

FIG. 15

AN )

US 9,125,193 B2

a

(10) [3]

PUCCH

00y [+1]

FIG. 16

(10 [4] (00) [+1]
PUCCH
(D[] O[]
)
e

PUCCH

(I [-1]

01 [4]

A ND ND )

CCl

PCC CC2
<i2:i(ﬁ5;&;j> N N ND ND
(TR (I
PUCCH
(L1 0

{ AANDND )

{ NANDND



U.S. Patent Sep. 1, 2015

Sheet 15 of 20 US 9,125,193 B2
FIG. 17
case 1
SR subframe? No ACK/NACK channel selection
Soeme: (HARQ-ACK PUCCH resource)
Yes
case 21
five SR No ACK/NACK channel selection
postitve S8 (HARQ-ACK PUCCH resource)
Yes
case 2-2
bundled ACK/NACK

(SR PUCCH resource)




US 9,125,193 B2

Sheet 16 of 20

Sep. 1, 2015

U.S. Patent

@S

0l

HIONd US

00

00,

0l

HOONd ¥S

N g
0%

81 Dl

:Q\Z: .Mo :<:
peppung 338

:Q\_z: MO :J«:
pa[pung 304



U.S. Patent Sep. 1, 2015 Sheet 17 of 20 US 9,125,193 B2

ND NDND ) { NNDNDND } { ANNDND }

FIG. 19
pec O e
)
|
A NDND : ( NANDND ) A A ND ND

0,1 11 : 0,1 11
|
|

SR PUCCH | SR PUCCH

|
|
|

00 1,0 | 0.0 1,0
|
|
|



U.S. Patent Sep. 1, 2015 Sheet 18 of 20 US 9,125,193 B2

case |
No multi-bit UCT coding
9
SR subfame? (E-PUCCH format / resource)
Yes
casc 2
ACK/NACK+SR,
Predetermjned cqondition No multi-bit UCT coding
satisfied” (E-PUCCH format / resource)
Yes
positive SR? No ACKNACK
(PUCCH format 1a/ 1b)
Yes
case 3-2
ACK/NACK

(SR PUCCH resource)




U.S. Patent Sep. 1, 2015 Sheet 19 of 20 US 9,125,193 B2

case |
No multi-bit UCT coding
9
SR subfame? (E-PUCCH format / resource)
Yes
casc 2
ACK/NACK+SR,
Predetermjned cqondition No multi-bit UCT coding
satisfied” (E-PUCCH format / resource)
Yes
case 3-1
positive SR? No ACKNACK
(PUCCH format 1a/ 1b)
Yes
case 3-2

ACKNACK count information
(SR PUCCH resource)




U.S. Patent

Sep. 1, 2015 Sheet 20 of 20 US 9,125,193 B2
FIG. 22
BS (Base Station) (110) UE (User Equipment) (120)
Processor RF unit Processor RF unit
(112) (116) (122) (126)
Memory Memory
(114) (124)




US 9,125,193 B2

1
METHOD AND APPARATUS FOR
TRANSMITTING CONTROL INFORMATION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a Divisional of co-pending U.S. patent
application Ser. No. 13/806,087 filed on Dec. 20, 2012, which
is the National Phase of PCT/KR2011/006910 filed on Sep.
19, 2011, which claims priority under 35 U.S.C. 119(e) to
U.S. Provisional Application No. 61/384,300 filed on Sep. 19,
2010, U.S. Provisional Application No. 61/389,693 filed on
Oct. 4, 2010, U.S. Provisional Application No. 61/409,956
filed on Nov. 3, 2010, U.S. Provisional Application No.
61/417,282 filed on Nov. 26, 2010 and U.S. Provisional
Application No. 61/436,596 filed on Jan. 26, 2011, all of
which are incorporated by reference herein in its entirety.

FIELD OF THE INVENTION

The present invention relates to a wireless communication
system and, most particularly, to a method and apparatus for
transmitting control information.

BACKGROUND ART

Wireless communication systems are being broadly devel-
oped in order to provide various types of communication
services, such as voice or data services. Generally, a wireless
communication system corresponds to a multiple access sys-
tem that may support communication with multiple users by
sharing an available system source (bandwidth, transmission
power, and so on). Examples of a multiple access system
include a CDMA (code division multiple access) system, an
FDMA (frequency division multiple access) system, a
TDMA (time division multiple access) system, an OFDMA
(orthogonal frequency division multiple access) system, an
SC-FDMA (single carrier frequency division multiple
access) system, and so on.

DETAILED DESCRIPTION OF THE INVENTION
Technical Objects

An object of the present invention is to provide a method
and apparatus that can efficiently transmit control informa-
tion in a wireless communication system. Another object of
the present invention is to provide a method and apparatus
that can efficiently transmit uplink control information in a
situation consisting of multiple cells and that can efficiently
manage resource for performing such transmission. It is to be
understood that objects to be achieved by the present inven-
tion are not limited to the aforementioned objects and other
objects which are not mentioned will be apparent to those of
ordinary skill in the art to which the present invention pertains
from the following description.

Technical Solutions

According to an aspect of the present invention, a method
for transmitting uplink control information at a communica-
tion device configured with a Primary Cell (PCell) and a
Secondary Cell (SCell) in a wireless communication system,
provided herein is a method comprising the steps of receiving
at least one of one or more PDCCHs (Physical Downlink
Control Channels) and one or more PDSCHs (Physical
Downlink Shared Channels); generating reception response
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2

information respective to the at least one of the one or more
PDCCHs and the one or more PDSCHs; and transmitting the
reception response information one an SR (Scheduling
Request) subframe through a PUCCH (Physical Uplink Con-
trol Channel), wherein, when the SR subframe corresponds to
a negative SR, the reception response information may be
transmitted by using a PUCCH resource for an HARQ-ACK
(Hybrid Automatic Repeat request Acknowledgement), and
wherein, when the SR subframe corresponds to a positive SR,
the reception response information being bundled for each
cell may be transmitted by using PUCCH resource for the SR
transmission.

According to another aspect of the present invention, as a
communication device configured to transmit uplink control
information in a situation configured with a Primary Cell
(PCell) and a Secondary Cell (SCell) in a wireless commu-
nication system, provided herein is a communication device
comprising a Radio Frequency (RF) unit; and a processor,
wherein the processor may be configured to receive at least
one of one or more PDCCHs (Physical Downlink Control
Channels) and one or more PDSCHs (Physical Downlink
Shared Channels), to generate reception response informa-
tion respective to the at least one of the one or more PDCCHs
and the one or more PDSCHs, and to transmit the reception
response information on an SR (Scheduling Request) sub-
frame through a PUCCH (Physical Uplink Control Channel),
wherein, when the SR subframe corresponds to a negative
SR, the reception response information may be transmitted by
using a PUCCH resource for an HARQ-ACK (Hybrid Auto-
matic Repeat request Acknowledgement), and wherein, when
the SR subframe corresponds to a positive SR, the reception
response information being bundled for each cell may be
transmitted by using PUCCH resource for the SR transmis-
sion.

Preferably, when the SR subframe corresponds to a posi-
tive SR, the reception response information that is bundled for
each cell may be mapped to a PUCCH resource for the SR
transmission as shown below:

Bundled HARQ-ACK(0) ~ Bundled HARQ-ACK(1) b(0),b(1) d(0)
ACK ACK 11 -1
ACK NACK 10 j
NACK ACK 01 -
NACK NACK 00 1

Herein, bundled HARQ-ACK(0) may represent bundled
reception response information respective to PCell, HARQ-
ACK(1) may represent bundled reception response informa-
tion respective to SCell, NACK may indicate NACK (Nega-
tive Acknowledgement), DTX (Discontinuous Transmission)
or NACK/DTX, b(0)b(1) may represent a bit value, and d(0)
may indicate a modulation symbol.

Preferably, when the SR subframe corresponds to a posi-
tive SR, the reception response information that is bundled for
each cell may be mapped to a PUCCH resource for the SR
transmission as shown below:

Bundled HARQ-ACK(0) ~ Bundled HARQ-ACK(1) b(0),b(1) d(0)
ACK NACK 11 -1
ACK ACK 10 j
NACK ACK 01 -
NACK NACK 00 1
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Herein, bundled HARQ-ACK(0) may represent bundled
reception response information respective to PCell, HARQ-
ACK(1) may represent bundled reception response informa-
tion respective to SCell, NACK may indicate NACK (Nega-
tive Acknowledgement), DTX (Discontinuous Transmission)
or NACK/DTX, b(0)b(1) may represent a bit value, and d(0)
may indicate a modulation symbol.

Preferably, when the SR subframe corresponds to a posi-
tive SR, the reception response information that is bundled for
each cell may be mapped to a PUCCH resource for the SR
transmission as shown below:

Bundled HARQ-ACK(0)  Bundled HARQ-ACK(1) b(0), b(1)  d(0)
ACK NACK 11 -1
NACK ACK 10 j
ACK ACK 01 -
NACK NACK 00 1

Herein, bundled HARQ-ACK(0) may represent bundled
reception response information respective to PCell, HARQ-
ACK(1) may represent bundled reception response informa-
tion respective to SCell, NACK may indicate NACK (Nega-
tive Acknowledgement), DTX (Discontinuous Transmission)
or NACK/DTX, b(0)b(1) may represent a bit value, and d(0)
may indicate a modulation symbol.

Preferably, when the SR subframe corresponds to a nega-
tive SR, the reception response information may be transmit-
ted in accordance with a channel selection method.

Preferably, the channel selection method may include
selecting one PUCCH resource corresponding to the recep-
tion response information from multiple HARQ-ACK
PUCCH resources, and transmit a bit value corresponding to
the reception response information using the selected HARQ-
ACK PUCCH resource so as to.

Preferably, the communication device may be set to an
FDD (Frequency Division Duplex) mode, and the communi-
cation device may be set to a channel selection mode for
transmitting reception response information.

Effects of the Invention

According to the present invention, control information
may be efficiently transmitted in a wireless communication
system. Most particularly, uplink control information may be
efficiently transmitted in a situation consisting of multiple
cells, and resource for performing such transmission may also
be efficiently managed.

The effects that may be gained from the embodiment of the
present invention will not be limited only to the effects
described above. Accordingly, other effects of the present
application, which are not mentioned herein, will become
apparent to those having ordinary skill in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the descrip-
tion serve to explain the technical principle of the invention.

FIG. 1 illustrates physical channels that are used in a 3GPP
LTE system, which corresponds to an exemplary wireless
communication system, and a general signal transmitting
method using the physical channels.

FIG. 2A illustrates an exemplary structure of a radio frame.
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FIG. 2B illustrates an exemplary resource grid of a down-
link slot.

FIG. 3 illustrates a structure of a downlink frame.

FIG. 4 illustrates a structure of an uplink subframe.

FIG. 5 illustrates an exemplary procedure of physically
mapping a PUCCH format to a PUCCH domain.

FIG. 6 illustrates a slot level structure of PUCCH formats
2/2a/2b.

FIG. 7 illustrates a slot level structure of PUCCH formats
la/1b.

FIG. 8 illustrates an example of deciding a PUCCH
resource for ACK/NACK.

FIG. 9 illustrates an exemplary method of multiplexing an
ACK/NACK with an SR.

FIG. 10 illustrates an exemplary Carrier Aggregation (CA)
communication system.

FIG. 11 illustrates an exemplary cross-carrier scheduling.

FIG. 12~13 illustrates an exemplary E-PUCCH format
based on block-spreading (or block-dispersion).

FIG. 14 illustrates exemplary operations of a base station
and a user equipment in a DL, CC modification section.

FIG. 15 illustrates an exemplary ACK/NACK channel
selection method according to the conventional LTE.

FIG. 16 illustrates an exemplary ACK/NACK transmitting
method according to a PCC fallback method.

FIG. 17 illustrates an exemplary UCI transmitting method
according to an embodiment of the present invention.

FIG. 18 illustrates a bundled ACK/NACK transmitting
method according to an embodiment of the present invention.

FIG. 19 illustrates an exemplary UCI transmitting method
according to another embodiment of the present invention.

FIG. 20 illustrates an exemplary UCI transmitting method
according to yet another embodiment of the present inven-
tion.

FIG. 21 illustrates an exemplary UCI transmitting method
according to yet another embodiment of the present inven-
tion.

FIG. 22 illustrates an exemplary base station and an exem-
plary user equipment that can be applied to the embodiment
of the present invention.

BEST MODE FOR CARRYING OUT THE
PRESENT INVENTION

The technology described below may be used in a wide
range of wireless access systems, such as CDMA (Code
Division Multiple Access), FDMA (Frequency Division Mul-
tiple Access), TDMA (Time Division Multiple Access),
OFDMA (Orthogonal Frequency Division Multiple Access),
SC-FDMA (Single Carrier Frequency Division Multiple
Access), and so on. Herein, the CDMA may be realized by a
radio technology such as UTRA (Universal Terrestrial Radio
Access) or CDMA2000. The TDMA may be realized by a
radio technology such as GSM (Global System for Mobile
communications)/GPRS (General Packet Radio Service)/
EDGE (Enhanced Data Rates for GSM Evolution). The
OFDMA may be realized by a radio technology such as IEEE
802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802-20,
E-UTRA (Evolved UTRA), and so on. The UTRA corre-
sponds to a portion of the UMTS (Universal Mobile Telecom-
munications System). And, as a portion of the E-UMTS
(Evolved UMTS) using the E-UTRA, the 3GPP (3rd Genera-
tion Partnership Project) LTE (long term evolution) system
adopts the OFDMA in a downlink and adopts the SC-FDMA
in an uplink. The LTE-A (LTE-Advanced) corresponds to an
evolved version of the 3GPP LTE system.
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For the clarity in the description of the present invention,
the present invention will be described based upon the 3GPP
LTE/LTE-A systems. Nevertheless, the scope and spirit of the
present invention will not be limited only to those of the 3GPP
LTE system and the 3GPP LTE-A system. Additionally, the
specific terms used in the following description of the present
invention are provided to facilitate the understanding of the
present invention. And, therefore, without deviating from the
technical scope and spirit of the present invention, such spe-
cific terms may also be varied and/or replaced by other terms.

In a wireless communication system, a user equipment
may receive information from a base station via downlink
(DL), and the user equipment may also transmit information
via uplink (UL). The information received and/or transmitted
(or transceived) by the user equipment includes data and
diverse control information. And, various physical channels
may exist depending upon the type and purpose of the infor-
mation received and/or transmitted (or transceived) by the
user equipment.

FIG. 1 illustrates physical channels that are used in a 3GPP
LTE and a general signal transmitting method using the same.

When a power of a user equipment is turned off and then
turned back on, or when a user equipment newly enters (or
accesses) a cell, the user equipment performs an initial cell
search process, such as synchronizing itself with the base
station in step S101. For this, the user equipment may receive
a Primary Synchronization Channel (P-SCH) and a Second-
ary Synchronization Channel (S-SCH) from the base station
s0 as to be in synchronization with the base station, and the
user equipment may also acquire information, such as cell ID.
Thereafter, the user equipment may receive a Physical Broad-
cast Channel so as to acquire broadcast information within
the cell. Meanwhile, the user equipment may receive Down-
link Reference Signal (DL RS), in the step of initial cell
search, so as to verify the downlink channel status.

The user equipment that has completed the initial cell
search may receive a PDCCH (Physical Downlink Control
Channel) and a PDSCH (Physical Downlink Shared Channel)
based upon the PDCCH (Physical Downlink Control Chan-
nel) information, in step S102, so as to acquire more detailed
system information.

Thereafter, in order to complete the access to the base
station, the user equipment may perform a Random Access
Procedure, such as in steps S103 and S106 of a later process,
s0 as to complete the access to the base station. In order to do
so, the user equipment transmits a preamble through a
PRACH (Physical Random Access Channel) (S103), and
then the user equipment may receive a response message
respective to the random access through the PDCCH and its
respective PDSCH (S104). In case of a contention based
random access, the user equipment may perform Contention
Resolution Procedures, such as transmitting an additional
Physical Random Access Channel (PRACH) (S105) and
receiving a Physical Downlink Control Channel (PDCCH)
and a Physical Downlink Shared Channel (PDSCH) corre-
sponding to the PDCCH.

After performing the above-described procedures, the user
equipment may receive a Physical Downlink Control Chan-
nel (PDCCH)/Physical Downlink Shared Channel (PDSCH)
(8107), as a general uplink/downlink signal transmission pro-
cedure, and may then perform PUSCH (Physical Uplink
Shared Channel)/PUCCH (Physical Uplink Control Chan-
nel) transmission (S108). The control information being
transmitted by the user equipment to the base station is col-
lectively referred to as Uplink Control Information (UCI).
The UCI may include HARQ ACK/NACK (Hybrid Auto-
matic Repeat and reQuest Acknowledgement/Negative-
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ACK), SR (Scheduling Request), CQI (Channel Quality Indi-
cator), PMI (Precoding Matrix Indicator), RI (Rank
Indication), and so on. In the description of the present inven-
tion, the HARQ ACK/NACK will simply be referred to as
HARQ-ACK or ACK/NACK (A/N). Herein, the HARQ-
ACK includes at least one of a positive ACK (simply referred
to as ACK), a negative ACK (simply referred to as NACK), a
DTX, and an NACK/DTX. The UCI is generally transmitted
through the PUCCH. However, when control information and
traffic data are to be transmitted at the same time, the UCI may
also be transmitted through the PUSCH. Additionally, based
upon a network request/indication, the UCI may be aperiodi-
cally transmitted through the PUSCH.

FIG. 2A illustrates an exemplary structure of a radio frame.
In a cellular OFDM radio packet communication system,
uplink/downlink data packet transmission is performed in
subframe units, and once subframe is defined as a predeter-
mined time period (or time section) including multiple
OFDM symbols. The 3GPP LTE standard supports a Type 1
radio frame structure, which is applicable to FDD (Frequency
Division Duplex), and a Type 2 radio frame structure, which
is applicable to TDD (Time Division Duplex).

FIG. 2A(a) illustrates an exemplary structure of a type 1
radio frame. A downlink radio (or wireless) frame is config-
ured of 10 subframes, and one subframe is configured of 2
slots in a time domain. The time consumed (or taken) for one
subframe to be transmitted is referred to as a TTI (transmis-
sion time interval). For example, the length of one subframe
may be equal to Ims, and the length of one slot may be equal
to 0.5 ms. One slot includes a plurality of OFDM symbols in
the time domain and includes a plurality of Resource Blocks
(RBs) in the frequency domain. Since the 3GPP LTE system
uses the OFDMA in a downlink, an OFDM symbol indicates
one symbol section. The OFDM symbol may also be referred
to as an SC-FDMA symbol or a symbol section. As a resource
allocation unit, a Resource Block (RB) may include a plural-
ity of consecutive subcarriers in one slot.

The number of OFDM symbols included in one slot may
vary depending upon the configuration of a CP (Cyclic Pre-
fix). The CP may be divided into an extended CP and a normal
CP. For example, in case the OFDM symbol is configured of
a normal CP, the number of OFDM symbols included in one
slot may be equal to 7. And, in case the OFDM symbol is
configured of an extended CP, since the length of an OFDM
symbol is increased, the number of OFDM symbols included
in one slot becomes smaller than when the OFDM symbol is
configured of a normal CP. In case of the extended CP, for
example, the number of OFDM symbols included in one slot
may be equal to 6. In case the user equipment is moving at
high speed, or in case the channel status is unstable, the
extended CP may be used in order to further reduce the
interference between the symbols.

In case of using the normal CP, since one slot includes 7
PFDM symbols, one subframe includes 14 OFDM symbols.
At this point, the first maximum of 3 OFDM symbols of each
subframe are allocated to a PDCCH (physical downlink con-
trol channel), and the remaining OFDM symbols may be
allocated to a PDSCH (physical downlink shared channel).

FIG. 2A(b) illustrates an exemplary structure of a type 2
radio frame. The type 2 radio frame consists of 2 half frames,
and each half frame consists of 5 subframes, a DwPTS
(Downlink Pilot Time Slot), a Guard Period (GP), and an
UpPTS (Uplink Pilot Time Slot). Herein, one subframe con-
sists of 2 slots. The DwPTS is used for initial cell search,
synchronization, or channel estimation, which are performed
by a user equipment. The UpPTS is used for channel estima-
tion, which is performed by a base station, and for uplink
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transmission synchronization, which is performed by the user
equipment. The guard period corresponds to a period (or
section) for eliminating interference occurring in an uplink
due to a multiple path delay of a downlink signal between an
uplink and a downlink.

The structure of the radio frame is merely exemplary. And,
therefore, the number of subframes included in the radio
frame or the number of slots included in a subframe, and the
number of symbols included in one slot may be diversely
varied.

FIG. 2B illustrates an exemplary resource grid of a down-
link slot.

Referring to FIG. 2B, a downlink slot includes multiple
OFDM symbols in the time domain. One downlink slot may
include 7(6) OFDM symbols in a time domain, and a resource
block (RB) may include 12 sub-carriers in the frequency
domain. Each element within the resource grid is referred to
as a Resource Element (RE). One RB includes 12x7(6) REs.
N5, which corresponds to the number of RBs, An NP num-
ber of resource blocks included in a downlink slot is depen-
dent to a downlink transmission bandwidth. The structure of
an uplink slot may be identical to the above-described struc-
ture of the downlink slot. However, the OFDM symbol may
be replaced with the SC-FDMA symbol.

FIG. 3 illustrates an exemplary structure of a downlink
frame. A maximum of 3(4) OFDM symbols located at the
front portion of a first slot within one subframe corresponds to
a control region, wherein a control channel is allocated (or
assigned). The remaining OFDM symbols correspond to a
data region, wherein a Physical Downlink Shared Channel
(PDSCH) is assigned. Examples of the downlink control
channels that are being used in the LTE system may include a
Physical Control Format Indicator Channel (PCFICH), a
Physical Downlink Control Channel (PDCCH), a Physical
Hybrid automatic repeat request Indicator Channel (PHICH),
and so on. The PCFICH carries information on the number of
OFDM symbols being transmitted from the first OFDM sym-
bol of a subframe and being used in the control channel
transmission within the subframe. As a response to an uplink
transmission, the PHICH may carry HARQ ACK/NACK
(Hybrid Automatic Repeat request acknowledgment/nega-
tive-acknowledgment) signals.

The control information being transmitted through the
PDCCH may be referred to as DCI (Downlink Control Infor-
mation). Herein, the DCI may include resource allocation
information for a user equipment or user equipment group
and other control information. For example, the DCI may
include uplink/downlink scheduling information, an uplink
transmission (Tx) power control command, and so on.

The PDCCH may carry a transmission format and resource
allocation information of a downlink shared channel (DL-
SCH), a transmission format and resource allocation infor-
mation of an uplink shared channel (UL-SCH), paging infor-
mation of a paging channel (PCH), system information of the
DL-SCH, resource allocation information of a higher-layer
control message, such as a Random Access Response being
transmitted over the PDSCH, a set of Tx power control com-
mands on individual user equipments within the user equip-
ment group, a Tx power control command, indication infor-
mation on the activation of a VoIP (Voice over IP), and so on.
A plurality of PDCCHs may be transmitted within the control
region. And, the user equipment may monitor the plurality of
PDCCHs. Herein, the PDCCH may be transmitted in the form
of an aggregation of one or more consecutive Control Chan-
nel Elements (CCEs). A CCE corresponds to a logical allo-
cation unit, which is used for providing a coding rate to a
PDCCH based on a radio (or wireless) channel state. Herein,
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the CCR corresponds to multiple resource element groups
(REGSs). Herein, the number of PDCCH formats and the
number of available data bits may be decided in accordance
with the number of CCEs. The base station may decide a
PDCCH format in accordance with the DCI, which is to be
transmitted to the user equipment, and may add a CRC (Cy-
clic Redundancy Check) to the control information. Depend-
ing upon the owner of the PDCCH or the usage purpose of the
PDCCH, the CRC may be masked with an identifier (e.g., an
RNTTI (Radio Network Temporary Identifier). For example, if
the PDCCH is designated to a particular (or specific) user
equipment, an identifier (e.g., cell-RNTI (C-RNTI)) of the
corresponding user equipment may be masked to the CRC.
Alternatively, if the PDCCH is designated to a paging mes-
sage, a paging identifier (e.g., paging-RNTI (P-RNTI)) may
be masked to the CRC. If the PDCCH is designated to system
information (most particularly, to a system information block
(SIC)), an S-RNTI (system information RNTI) may be
masked to the CRC. If the PDCCH is designated to a random
access response, an RA-RNTI (random access-RNTI) may be
masked to the CRC.

FIG. 4 illustrates an exemplary structure of an uplink sub-
frame being used in the LTE. Referring to FIG. 4, an uplink
subframe includes multiple (e.g., 2) slots. A slot may include
different numbers of SC-FDMA symbols based upon a CP
length. In the frequency domain, an uplink subframe may be
divided into a control region and a data region. The data
region includes a PUSCH and is used for transmitting data
signals, such as sound. The control region includes a PUCCH
and is used for transmitting Uplink Control Information
(UCI). The PUCCH includes an RB pair, which is located at
each end portion of the data region along the frequency axis,
and may be “frequency-hopped” at the slot boundary.

The PUCCH may be used for transmitting the following
control information.

SR (Scheduling Request): corresponds to information that
is used for requesting uplink UL-SCH resource. The SR
is transmitted by using an OOK (On-Off Keying)
method.

HARQ-ACK/NACK: corresponds to a response signal for
a downlink data packet within the PDSCH. The HARQ-
ACK/NACK indicates whether or not the downlink data
packet has been successfully received. A 1-bit ACK/
NACK is transmitted as a response for a single downlink
codeword, and a 2-bit ACK/NACK is transmitted as a
response for two downlink codewords.

CQI (Channel Quality Indicator): corresponds to feedback
information respective to a downlink channel. Feedback
information related to the MIMO (Multiple Input Mul-
tiple Output) includes an RI (Rank Indicator), PMI (Pre-
coding Matrix Indicator), PTI (Precoding Type Indica-
tor), and so on. 20 bits are used for each subframe.

The amount (or size) of the control information (UCT) that
can be transmitted by the user equipment from a subframe
depends upon a number of SC-FDMAs that are available for
control information transmission. The SC-FDMAs that are
available for control information transmission refers to SC-
FDMA symbols that remain after excluding the SC-FDMA
symbol for reference signal transmission from the subframe.
And, in case of a subframe having an SRS (Sounding Refer-
ence Signal) determined therein, the last SC-FDMA symbol
of the subframe may also be excluded. Herein, a reference
signal is used for a coherent detection of the PUCCH. And,
the PUCCH supports 7 different formats in accordance with
the transmitted information.

Table 1 below shows a mapping relation between the
PUCCH format and the UCI in the LTE system.
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TABLE 1
PUCCH format  Uplink Control Information (UCI)
Format 1 SR (Scheduling Request) (non-modulated wave)
Format la 1-bit HARQ ACK/NACK (SR present/absent)
Format 1b 2-bit HARQ ACK/NACK (SR present/absent)
Format 2 CQI (20 coded bits)
Format 2 CQI and 1- or 2-bit HARQ ACK/NACK (20 bits)
(corresponds only to extension CP)

Format 2a CQI and 1-bit HARQ ACK/NACK (20 + 1 coded bits)
Format 2b CQI and 2-bit HARQ ACK/NACK (20 + 2 coded bits)

FIG. 5 illustrates an exemplary procedure of physically
mapping a PUCCH format to a PUCCH domain.

Referring to FIG. 5, the PUCCH formats are mapped on the
RBs starting from the band-edge and inwards by the order of
PUCCH formats 2/2a/2b (CQI) (e.g., PUCCH region M=0,
1), PUCCH formats 2/2a/2b (CQI) or PUCCH formats 1/1a/
1b (SR/HARQ ACK/NACK) (e.g., if present, PUCCH region
m=2), and PUCCH formats 1/1a/1b (SR/HARQ ACK/
NACK) (e.g., PUCCH region m=3, 4, 5), thereby being trans-
mitted. N, the number of PUCCH RBs that can be used in
the PUCCH format 2/2a/2b (CQI), is transmitted to the user
equipment within the cell through broadcast signaling.

FIG. 6 illustrates a slot level structure of PUCCH formats
2/2a/2b. PUCCH formats 2/2a/2b are used for CSI transmis-
sion. The CSI includes CQI, PMI, RI, and so on. In case of a
normal CP (Cyclic Prefix), SC-FDMA #1 and #5 within the
slot are used for DM RS (Demodulation Reference Signal)
transmission. In case of an extended CP, only SC-FDMA #3
within the slot is used for the DM RS transmission.

Referring to FIG. 6, in a subframe level, 10-bit CSI infor-
mation uses a (20,k) Reed-Muller code, which is punctured at
a rate of %%, so as to be channel-coded to 20 coded bits (not
shown). Thereafter, the coded bits may be processed with
scrambling (not shown), so as to be mapped to a QPSK
(Quadrature Phase Shift Keying) constellation (QPSK modu-
lation). The scrambling process may be performed by using a
length-31 gold sequence, which is similar to PUSCH data.
Accordingly, 10 QPSK modulation symbols are generated,
and 5 QPSK modulation symbols (d,~d,) are transmitted
from each slot through the corresponding SC-FDMA symbol.
Each QPSK modulation symbol are used for modulating a
length-12 base RS sequence (r,, ) prior to the IFFT (Inverse
Fast Fourier Transform). Eventually, the RS sequence is pro-
cessed with a Cyclic Shift (CS) in the time domain in accor-
dance with the QPSK modulation symbol value (dx*ru,o(w“),
x=0-4). The RS sequence, which is multiplied by the QPSK
modulation symbol is then cyclic shifted (o, ,, x=1, 5). In
case the number of cyclic shifts is equal to N, N number of
user equipments may be multiplexed over the same CSI
PUCCH RB. Although the DM RS sequence is similar to the
CSI sequence in the frequency domain, the CSI sequence is
not modulated by the CSI modulation symbol.

A parameter or resource for periodic reporting of the CSI is
semi-statically configured by higher layer (e.g., RRC (Radio
Resource Control)) signaling. For example, when PUCCH
resource index N,z is set up for CSI transmission, the
CSl is periodically transmitted over a CSI PUCCH, which is
linked to the PUCCH resource index n, z"’. The PUCCH
resource index n,, "’ indicatesa PUCCH RB and a cyclic
shift (a,).

FIG. 7 illustrates a slot level structure of PUCCH formats
1a/1b. PUCCH formats 1a/1b are used for ACK/NACK trans-
mission. In case of a normal CP, SC-FDMA #2/#3/#4 within
the slot are used for DM RS (Demodulation Reference Sig-
nal) transmission. In case of an extended CP, SC-FDMA
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#2/#3 within the slot are used for the DM RS transmission.
Therefore, 4 SC-FDMA symbols are being used for ACK/
NACK transmission.

Referring to FIG. 7, 1-bit and 2-bit ACK/NACK informa-
tion are respectively modulated by using a BPSK modulation
scheme and a QPSK modulation scheme, thereby generating
a single ACK/NACK modulation symbol (d,). In case of a
positive ACK, the ACK/NACK information is given as 1, and,
in case of a negative ACK, the ACK/NACK information is
given as 0. Table 2 shown below represents a modulation
table, which is defined for PUCCH formats 1a and 1b in the
conventional LTE system.

TABLE 1
PUCCH Format b(0), ..., bMy, - 1) d(0)
la 0 1
1 -1
1b 00 1
01

-i
10 i
-1

In addition to performing cyclic shift (o) in the fre-
quency domain, just as the above-described CSI, the PUCCH
formats la/1b may also use an orthogonal dispersion (or
spreading) code (e.g., Walsh-Hadamard or DFT code) (w,,
W, W,, W), 50 as to perform time domain dispersion (or
spreading). In case of the PUCCH formats 1a/1b, since code
multiplexing is used in both frequency domain and time
domain, a larger number of user equipments may be multi-
plexed over the same PUCCH RB.

The RSs that are each transmitted from different user
equipments are multiplexed by using the same method as the
UCI. A number of cyclic shifts that are supported in an SC-
FDMA symbol for the PUCCH ACK/NACK RB may be
cell-specifically configured by a higher layer signaling
parameter shift A,,;”“““7. A,,.."7e{1, 2, 3} indicates
that the shift values are respectively equal to 12, 6, and 4. A
number of dispersion codes that can actually be used for the
ACK/NACK in the time-domain CDM may be limited by the
number of RS symbols. Due to a small number of RS sym-
bols, the multiplexing capacity of the RS symbol is smaller
than the multiplexing capacity of the UCI symbol.

FIG. 8 illustrates an example of deciding a PUCCH
resource for ACK/NACK. In the LTE system, the PUCCH
resource for ACK/NACK is not allocated to each user equip-
ment in advance. Instead, multiple user equipments within a
cell respectively use divided sections of multiple PUCCH
resources at each time point. More specifically, the PUCCH
resource that is used by the user equipment for transmitting
the ACK/NACK corresponds to the PDCCH, which carries
the scheduling information respective to the corresponding
downlink data. In each downlink subframe, a whole region
having the PDCCH transmitted thereto is configured of mul-
tiple CCEs (Control Channel Elements), and the PDCCH
being transmitted to the user equipment is configured of one
or more CCEs. Among the CCEs configuring the PDCCH,
which is received by the user equipment, the corresponding
user equipment transmits the ACK/NACK through a PUCCH
resource corresponding to a specific CCE (e.g., the first
CCE).

Referring to FIG. 8, in a Downlink Component Carrier (DL
CC), each rectangle (or square) represents a CCE. And, in an
Uplink Component Carrier (UL CC), each rectangle (or
square) represents a PUCCH resource. Each PUCCH index
corresponds to a PUCCH resource for the ACK/NACK. As
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shown in FIG. 8, when it is assumed that information on the
PDSCH is being delivered through a PDCCH, which is con-
figured of CCEs numbers 4~6, the user equipment transmits
the ACK/NACK through PUCCH number 4 respective to
CCE number 4, which corresponds to the first CCE config-
uring the PDCCH. FIG. 8 shows an example of a case when a
maximum M number of PUCCHs exists in the UL CC, when
amaximum N number of CCEs exists in the DL CC. Although
N=M, the system may be designed so that the value of M and
the value of N can be different from one another, and so that
the mapping of the CCEs and PUCCHs can be overlapped.

More specifically, in the LTE system, the PUCCH resource
index may be decided as shown below.

ey

— 1 .
poccrhccetN Prycca [Equation 1]

Herein, 1, represents a resource index of PUCCH
Format 1 for transmitting ACK/NACK/DTX, N, s
indicates a signaling value received from a higher layer, and
Nz represents a lowest value among the CCE indexes that
are used for the PDCCH transmission. A cyclic shift, an
orthogonal dispersion code, and a PRB (Physical Resource
Block) for PUCCH formats 1a/1b may be obtained from the
0y

In case the LTE system operates in the TDD mode, the user
equipment transmits a single multiplexed ACK/NACK signal
respective to the multiple PDSCHs, which are received
through the subframe at different time points. More specifi-
cally, the user equipment uses an ACK/NACK channel selec-
tion method (simply referred to as a channel selection
method), so as to transmit the single multiplexed ACK/NACK
signal respective to the multiple PDSCHs. The ACK/NACK
channel selection method may also be referred to asa PUCCH
selection method. In the ACK/NACK channel selection
method, in case the user equipment has received multiple sets
of downlink data, the user equipment occupies multiple
uplink physical channels in order to transmit the multiplexed
ACK/NACK signal. For example, in case the user equipment
has received multiple PDSCHs, the user equipment may use
a specific CCE of'the PDCCH, which indicates each PDSCH,
so as to be capable of occupying the same number of
PUCCHSs. In this case, based upon a combination of the
information on which PUCCH is to be selected, among the
plurality of occupied PUCCHS, and the modulated/encoded
contents that are applied to the selected PUCCH, the multi-
plexed ACK/NACK signal may be transmitted.

Table 3 shown below indicates the ACK/NACK channel
selection method, which is defined in the LTE system.

NACK/DTX, ACK, ACK, ACK
NACK/DTX, NACK, DTX, DTX
NACK/DTX, ACK, ACK, NACK/DTX
NACK/DTX, ACK, NACK/DTX, ACK

" puccH, 3
0 puccH, 1
0 puccH, 2
N puccH, 3

TABLE 3
Sub-frame

HARQ-ACK (0), HARQ-ACK(1), HARQ-ACK(2), b(0),
HARQ-ACK(3) 1Prpecr x b
ACK, ACK, ACK, ACK 0Dppecay L1
ACK, ACK, ACK, NACK/DTX o pycer,1 1,0
NACK/DTX, NACK/DTX, NACK, DTX 1Pppecms 1,1
ACK, ACK, NACK/DTX, ACK 1 pycc,1 1,0
NACK, DTX, DTX, DTX npycca,o 1,0
ACK, ACK, NACK/DTX, NACK/DTX oy 1,0
ACK, NACK/DTX, ACK, ACK 1 pycerr,s 051
NACK/DTX, NACK/DTX, NACK/DTX, NACK 1ppeems 11
ACK, NACK/DTX, ACK, NACK/DTX 1Prpecas 0,1
ACK, NACK/DTX, NACK/DTX, ACK 1Prpecao 0,1
ACK, NACK/DTX, NACK/DTX, NACK/DTX 1Pppecmo 1,1

0,1

0,0

1,0

1,0
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TABLE 3-continued

Sub-frame

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2),
HARQ-ACK(3)

b(0),

H(I)PUCCH, x b

(€3]
0 puccH, 1

NACK/DTX, ACK, NACK/DTX, NACK/DTX
NACK/DTX, NACK/DTX, ACK, ACK 1pvccas O
NACK/DTX, NACK/DTX, ACK, NACK/DTX 1Wopecr s 0
NACK/DTX, NACK/DTX, NACK/DTX, ACK 1Pppeca s 0,
DTX, DTX, DTX, DTX N/A N

B OO

In Table 3, HARQ-ACK(i) represents an HARQ ACK/
NACK/DTX result of an i-th data unit (0<i=<3). The DTX
(Discontinuous Transmission) indicates a case when no data
unit transmission corresponding to the HARQ-ACK(i) exists,
or a case when the user equipment is incapable of detecting
the presence (or existence) of a data unit corresponding to the
HARQ-ACK(1). Withrespect to each data unit, a maximum of
4 PUCCH resources (i.e., 150 ccrr0 1% prrccpr) may be
occupied. The multiplexed ACK/NACK may be transmitted
through a single PUCCH, which is selected from the occupied
PUCCH resources. Herein, n* 5 e x> which is indicated in
Table 3 represents a PUCCH resource that is used for actually
transmitting the ACK/NACK. And, b(0) b(1) represents two
bits that are being transmitted through the selected PUCCH
resource and is modulated by using the QPSK method (or
scheme). For example, when the user equipment has success-
fully decoded 4 data units, the user equipment transmits (1,1)
to the base station through the PUCCH resource, which is
connected to n(l)PUCCH,l. Since it is difficult to indicate all
ACK/NACK assumptions, in which the PUCCH resource and
the QPSK symbol can be combined, with the exception for a
few cases, the NACK is coupled with the DTX (NACK/DTX,
N/D).

FIG. 9 illustrates an exemplary method of multiplexing an
ACK/NACK with an SR.

The structure of the SR PUCCH format 1 is identical to the
ACK/NACK PUCCH format 1a/1b shown in FIG. 9. The SR
uses On-Off keying. More specifically, in order to request a
PUSCH resource (positive SR), the user equipment transmits
an SR having a modulation symbol d(0)=1. And, when sched-
uling is not requested (negative SR), the user equipment does
not perform any transmission (or does not transmit anything).
Since the same PUCCH structure for the ACK/NACK is
re-used for the SR, different PUCCH resource indexes exist-
ing in the same PUCCH region (e.g., a combination of differ-
ent cyclic time shift/orthogonal code) may be allocated to the
SR (format 1) or the HARQ ACK/NACK (formats 1a/1b).
The PUCCH resource index mPUCCH’SRl(l), which is to be
used by the user equipment for SR transmission may be
determined by UE-specific higher layer signaling.

When the user equipment is required to transmit a positive
SR in a subframe being scheduled to perform CQI transmis-
sion, the CQI is dropped, and only the SR is transmitted.
Similarly, when a simultaneous SR and SRS (Sounding RS)
transmission situation occurs, the user equipment drops the
CQI and transmits only the SR. In case the SR and the ACK/
NACK are generated from the same subframe, the user equip-
ment may transmit the ACK/NACK over the SR PUCCH
resource, which is allocated for the positive SR. In case of the
negative SR, the user equipment transmits the ACK/NACK
over the allocated HARD-ACK PUCCH resource. FIG. 9
shows an exemplary mapping constellation for a simulta-
neous transmission of the ACK/NACK and the SR. More
specifically, FIG. 9 shows an example of a case when the
NACK (or NACK, NACK, in case of two MIMO codewords)
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is modulated and mapped to +1 (n RS modulation). Accord-
ingly, when a DTX (Discontinuous Transmission) occurs, the
signal is processed as a NACK.

FIG. 10 illustrates an exemplary Carrier Aggregation (CA)
communication system. An LTE-A system uses a carrier
aggregation or bandwidth aggregation technique, which uses
a larger uplink/downlink bandwidth by grouping (or gather-
ing) multiple uplink/downlink frequency blocks in order to
use a broader frequency bandwidth. Each frequency block is
transmitted by using a Component Carrier (CC). Herein, a
component carrier may be understood as a carrier frequency
(or central carrier, central frequency for the respective fre-
quency block.

Referring to FIG. 10, multiple uplink/downlink Compo-
nent Carriers (CCs) may be grouped (or gathered), so as to
support a broader (or wider) uplink/downlink bandwidth.
Each CC may be adjacent to one another or non-adjacent to
one another in the frequency domain. The bandwidth of each
component carrier may be independently decided. Asymmet-
ric carrier aggregation, wherein the number of UL CCs is
different from the number of DL, CCs, may also be used. For
example, when the number of DL CCs is equal to 2, and when
the number of UL CCs is equal to 1, configurations having a
2:1 correspondence may be formed. Additionally, even if the
overall system band is configured of N number of CCs, the
frequency band that may be monitored/received by a specific
user equipment may be limited to M(<N) number of CCs.
Various parameters respective to carrier aggregation may be
determined by using cell-specific, UE group-specific, or UE-
specific methods. Meanwhile, control information may be
determined to be transmitted and/or received (or transceived)
only through a specific CC. Such specific CC may be referred
to as a Primary CC (PCC) (or anchor CC), and the remaining
CCs may be referred to as Secondary CCs (SCCs).

The LTE-A system uses the concept of a cell in order to
manage radio resources. A cell is defined as a combination of
a downlink resource and an uplink resource, and the uplink
resource does not correspond to an essential element. There-
fore, the cell may be configured only of a downlink resource,
or the cell may be configured of both the downlink resource
and the uplink resource. In case carrier aggregation is sup-
ported, a linkage between the carrier frequency of a downlink
resource (or DL CC) and the carrier frequency of an uplink
resource (or UL CC) may be indicated by the system infor-
mation. A cell that is operated over the primary frequency (or
PCC) may be referred to as a Primary Cell (PCell), and a cell
that is operated over the secondary frequency (or SCC) may
be referred to as a Secondary Cell (SCell). The PCell is used,
when the user equipment performs an initial connection
establishment process or a connection re-establishment pro-
cess. The PCell may also indicate a cell that is indicated
during a handover procedure. The SCell may be configured
after the RRC connection is established, and the SCell may be
used for providing additional radio resource. The PCell and
the SCell may be collectively referred to as a serving cell.
Accordingly, in case of a user equipment that is in an RRC_
CONNECTED state, yet not set up with carrier aggregation,
or does not support carrier aggregation, only a single serving
cell configured only of the PCell may exist. Conversely, in
case of a user equipment that is in an RRC_CONNECTED
state and set up with carrier aggregation, one or more serving
cells may exist, and a PCell and all of the SCells may be
included in all of the serving cells. In order to perform carrier
aggregation, after an initial security activation process is ini-
tiated, the network may configure one or more SCells, so that
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the one or more SCells can added to the PCell, which is
initially configured, for a user equipment supporting carrier
aggregation.

When cross-carrier scheduling (or cross-CC scheduling) is
applied, the PDCCH for downlink allocation may be trans-
mitted to DL CC #0, and the corresponding PDSCH may be
transmitted to DL CC#2. In order to perform cross-CC sched-
uling, the adoption of a carrier indicator field (CIF) may be
considered. The presence or absence of the CIF within the
PDCCH may be configured through higher layer signaling
(e.g., RRC signaling) by using a half-static and UE-specific
(or UE group-specific) method. A base line of the PDCCH
transmission may be summarized as shown below.

CIF disabled: the PDCCH within the DL CC allocates
PDSCH resource within the same DL CC or allocates a
PUSCH resource within a linked UL CC.

CIF enabled: the PDCCH within the DL CC is capable of
allocating a PDSCH or PUSCH within a specific DL/UL
CC, among the plurality of aggregated DL/UL CCs by
using the CIF.

When the CIF exists, the base station may allocate a
PDCCH monitoring DL CC set in order to reduce BD com-
plexity of the user equipment. As a portion of the overall
aggregated DL, CC, the PDCCH monitoring DL CC set
includes one or more DL CCs, and the user equipment may
perform detection/decoding of the PDCCH only within the
corresponding DL CC. More specifically, when the base sta-
tion schedules the PDSCH/PUSCH to the user equipment, the
PDCCH is transmitted only through the PDCCH monitoring
DL CC set. The PDCCH monitoring DL, CC set may be
determined by using the UE-specific method, the UE-group-
specific method, or the cell-specific method. The term
“PDCCH monitoring DI, CC” may be replaced with other
equivalent terms such as monitoring carrier, monitoring cell,
and so on. Furthermore, the aggregated CC designated to the
user equipment may also be replaced with other equivalent
terms such as a serving CC, a serving carrier, a serving cell,
and so on.

FIG. 11 illustrates an exemplary cross-carrier scheduling.
Herein, it will be assumed that 3 DL. CCs are aggregated. And,
it will also be assumed that DL CC A is determined as the
PDCCH monitoring DL CC. DL CC A~C may also be
referred to as service CCs, service carriers, serving cells, and
so on. When the CIF is disabled, each DL, CC may transmit
only the PDCCH scheduling its own PDSCH without the CIF,
in accordance with the L'TE PDCCH rule. Conversely, when
the CIF is enabled by UE-specific (or UE-group specific or
cell-specific) higher layer signaling, DI. CC A (monitoring
DL CC) may use the CIF, so as to transmit the PDCCH
scheduling the PDSCH of DL CC A and also to transmit the
PDCCH scheduling the PDSCH of other CCs. In this case, the
PDCCH is not transmitted from DL CC B/C, which are not
determined as the PDCCH monitoring DL, CC. In the LTE-A
system, it may be considered that diverse ACK/NACK infor-
mation/signals respective to the multiple PDSCHs, which are
transmitted through multiple DL, CCs, may be transmitted
through a specific UL CC. In order to do so, it may be
considered that, unlike the ACK/NACK transmission using
the PUCCH formats 1a/1b of the conventional LTE system,
the diverse ACK/NACK information are first processed with
joint coding (e.g., Reed-Muller code, Tail-biting convolu-
tional code, and so on), and that diverse ACK/NACK infor-
mation/signals are transmitted by using PUCCH format 2 or
by using a new PUCCH format (referred to as an E-PUCCH
(Enhanced PUCCH) format or PUCCH format X). The
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E-PUCCH format includes a Block-spreading based PUCCH
format, as shown below. After performing joint coding, as an
example, an ACK/NACK transmission using the PUCCH
format 2/E-PUCCH format, the PUCCH format 2/E-PUCCH
format may be used for UCI transmission without any limi-
tations. For example, the PUCCH format 2/E-PUCCH format
may be used for transmitting an ACK/NACK, CSI (e.g., CQI,
PMI, RI, PT1, and so on), SR, or for collectively transmitting
2 or more types of information. In the description of the
present invention, the PUCCH format 2/E-PUCCH format
may be used for transmitting a joint-coded UCI codeword
regardless of the type/number/size of the UCI.

FIG. 12 illustrates an exemplary E-PUCCH format based
on block-spreading (or block-dispersion) in a slot level. In the
PUCCH format 2 of the conventional LTE system, one sym-
bol sequence (FIG. 6, d0~d4) is transmitted over the time
domain, and user equipment multiplexing is performed by
using a CS (o, x=0~4) of a CAZAC (Constant-Amplitude
Zero Auto-Correlation) sequence (r,, ), as shown in FIG. 6.
Conversely, in case of the block-spreading based E-PUCCH
format, one symbol sequence is transmitted over the fre-
quency domain, and user equipment multiplexing is per-
formed by using an OCC (Orthogonal Cover Code) based
time-domain dispersion (or spreading). More specifically, the
symbol sequence is time-domain dispersed (or spread) by the
OCC, thereby being transmitted. By using the OCC, the same
RB may multiplex the control signals of multiple user equip-
ments.

Referring to FIG. 12, by using a length-5 (SF (Spreading
Factor)=5) OCC (C1~C5), 5 SC-FDMA symbols (i.e., UCI
data part) are generated from one symbol sequence ({dl,
d2,...}). Herein, the symbol sequence ({(d1, d2, . .. }) may
signify a modulation symbol sequence or a codeword bit
sequence. In case the symbol sequence ({d1, d2, . .. })
represents the codeword bit sequence, the block diagram of
FIG. 13 further includes modulation block. Although it is
shown in the drawing that a total of 2 RS symbols (i.e., RS
part) are used during 1 slot, diverse applied variations, such as
a method of using an RS part, which is configured of 3 RS
symbols, and using a UCI data part, which is configured by
using an OCC of SF=4, may be considered. Herein, the RS
symbols may be generated from a CAZAC sequence having a
specific cyclic shift. Additionally, the RS may be transmitted
in a format having multiple RS symbols of the time domain be
applied with (be multiplied by) a specific OCC. The block-
spread UCI is transmitted to the network after being pro-
cessed with an FFT (Fast Fourier Transform) procedure and
an IFFT (Inverse Fast Fourier Transform) procedure in SC-
FDMA symbol units. More specifically, unlike the PUCCH
format 1 or 2 groups of the conventional LTE system, the
block-spreading method modulates the control information
(e.g., ACK/NACK, and so on) by using the SC-FDMA
method.

FIG. 13 illustrates an exemplary E-PUCCH format based
on block-spreading (or block-dispersion) in a subframe level.

Referring to FIG. 13, in slot 0, a symbol sequence
({d'0~d'11}) is mapped to a subcarrier of an SC-FDMA sym-
bol, and the symbol sequence is mapped to 5 SC-FDMA
symbols by a block-spreading method using an OCC
(C1~C5). Similarly, in slot 1, a symbol sequence
({d"12~d'23}) is mapped to a subcarrier of an SC-FDMA
symbol, and the symbol sequence is mapped to 5 SC-FDMA
symbols by a block-spreading method using an OCC
(C1~C5). Herein, the symbol sequence ({d'0~d'11} or
{d'12~d'23}), which is shown in each slot, represents a
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sequence format having FFT or FFT/IFFT applied to the
symbol sequence ({d1, d2, . . . }) of FIG. 13. In case the
symbol sequence ({d'0~d'11} or {d'12~d'23}) corresponds to
a format having FFT applied to the symbol sequence ({d1,
d2, ... }) of FIG. 13, IFFT may be additionally applied to
{d'0~d'11} or {d12~d'23} for SC-FDMA generation. The
overall symbol sequence ({d'0~d'23}) is generated by per-
forming joint-coding on one or more UCIs, and the first half
({d'0~d'11}) is transmitted through slot 0, and the second half
({d'0~d'11}) is transmitted through slot 1. Although it is not
shown in the drawing, the OCC may be modified to slot units,
and the UCI data may be scrambled in SC-FDMA symbol
units.

Hereinafter, for simplicity in the description of the present
invention, a UCI (e.g., multiple ACK/NACKSs) transmission
method based on channel coding using the PUCCH format 2
or E-PUCCH format will be referred to as a “multi-bit UCI
coding” transmission method. For example, in case of the
ACK/NACK, the multi-bit UCI coding transmission method
corresponds to a method that performs joint coding on ACK/
NACK or DTX information (signifying that the PDCCH can-
not be received/detected) respective to the PDCCH, which
indicates PDSCH and/or SPS (Semi-Persistent Scheduling)
release of multiple DL cells, and that transmits the generated
and coded ACK/NACK block. For example, it will be
assumed that the user equipment is operated in the SU-MIMO
mode in a particular DL cell and receives 2 codewords. In this
case, a total of 4 feedback states, such as ACK/ACK, ACK/
NACK, NACK/ACK, and NACK/NACK, may exist, or a
maximum of 5 feedback states including DTX may exist. If
the user equipment receives a single codeword, a maximum
of 3 feedback states, such as ACK, NACK, and DTX, may
exist (if the NACK is processed identically as the DTX, a total
of 2 feedback states ACK and NACK/DTX may exist).
Accordingly, if the user equipment integrates a maximum of
5 DL cells, and if the user equipment is operated in the
SU-MIMO (Single User Multiple Input Multiple Output)
mode in each cell, a maximum of 5° transmittable feedback
states may exist. Therefore, the required ACK/NACK pay-
load size is equal to at least 12 bits. If the DTX is processed
identically as the NACK, the number of feedback states
becomes equal to 4°, and the required ACK/NACK payload
size is equal to at least 10 bits.

Meanwhile, an implicit ACK/NACK channel selection
method, which uses a PUCCH resource corresponding to the
PDCCH scheduling each PDSCH of the respective user
equipment in order to ensure PUCCH resource (i.e., (a
PUCCH resource) being linked with the smallest (or lowest)
CCE index) is essentially used in the ACK/NACK multiplex-
ing method (i.e., ACK/NACK channel selection method) (see
Table 3), which is applied in the conventional LTE TDD
system. However, when applying the implicit method by
using the PUCCH resource within different RBs, degradation
in the system performance may occur. Therefore, the LTE-A
system may additionally consider an “explicit ACK/NACK
channel selection” method, which uses a PUCCH resource
being reserved in advance for each user equipment (prefer-
ably multiple PUCCH resource existing in the same RB or
neighboring (or adjacent) RBs) through RRC signaling, and
so on. Furthermore, the LTE-A system also considers ACK/
NACK transmission through one UE-specific UL cell (e.g.,
PCell).

Table 4 below shows an example of explicitly indicating a
PUCCH resource for HARD ACK.
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TABLE 4
HARQ-ACK
resource value
for PUCCH
(ARD) Npycca
00 1% PUCCH resource value configured by a higher layer
01 274 PUCCH resource value configured by a higher layer
10 374 PUCCH resource value configured by a higher layer

4% PUCCH resource value configured by a higher layer

ARI: ACK/NACK Resource Indicator. In Table 4, the
higher layer includes an RRC layer, and the ARI value may be
indicated through the PDCCH, which carries a DL grant. For
example, the ARI value may be indicated by using an SCell
PDCCH and/or a TPC (Transmit Power Control) field of one
or more PCell PDCCHs that do not correspond to the DAI
initial value.

FIG. 14 illustrates exemplary operations of a base station
and a user equipment in a DL, CC modification section. In the
LTE-A system, a DL CC set that is aggregated by the user
equipment may be UE-specifically allocated and reconfig-
ured through RRC signaling.

Referring to FIG. 14, when the base station changes (or
modifies) the DL CC(s) that can be used by the user equip-
ment by performing RRC reconfiguration or [.1/L.2 control
signaling, the timing between the base station and the user
equipment, at which the changed (or modified) DL CC(s) can
be applied, may be different from one another. For example,
when the base station changes the number of CCs that can be
used by the user equipment from 3 to 2, the time point at
which the base station changes the number of DL CCs from 3
to 2 and transmits the downlink data, and the time point at
which the user equipment changes the number of serving DL,
CCs from 3 to 2 may be different from one another. Addition-
ally, even though the base station directs (or indicates) a
change in the number of CCs, if the user equipment fails to
receive the above-mentioned direction (or indication), a time
interval may occur, wherein the number of DL CCs known by
the user equipment is different from the number of DL CCs
known by the base station.

Accordingly, the base station may expect to receive ACK/
NACK respective to 2 DL CCs, while the user equipment
transmits ACK/NACK respective to 3 DL CCs. Alternatively,
the base station may expect to receive ACK/NACK respective
to 3 DL CCs, while the user equipment transmits ACK/NACK
respective to 2 DL CCs. In this case, a problem may occur in
that the ACK/NACK cannot be accurately demodulated. For
example, in case of the multi-bit UCI coding method, the
size/configuration of the ACK/NACK payload known and
recognized by the base station and the user equipment may be
different from one another. Furthermore, in case of the ACK/
NACK channel selection method, the mapping/configuration
of the ACK/NACK state recognized by the base station and
the user equipment may be different from one another.

In order to resolve the above-described problems, when
one or more CCs, including at least the DL PCC (also referred
to as a DL PCell), are scheduled, when the states of the
remaining CCs (i.e., DL SCCs (also referred to as DL
SCells)), excluding the DL PCC, all correspond to NACK or
DTX, it may be considered to transmit the ACK/NACK by
using an implicit PUCCH resource (e.g., see Equation 1),
which is linked to the PDCCH scheduling the DL PCC. In
other words, when the ACK/NACK state for the DL. PCC (or
each CW of the DL PCC) corresponds to “A” or “N”, and
when the ACK/NACK state for each of the DL SCCs (or each
CW of the DL, SCCs) corresponds to “N/D”, limitations may
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be made so that an implicit PUCCH resource being linked to
the PDCCH for the DL PCC, in accordance with the method
defined in the conventional LTE system, can be used instead
of the explicit PUCCH resource (also referred to as “PCC
fallback™ or “PCell fallback” for simplicity). Most particu-
larly, when performing PCC fallback, a PUCCH format that is
for the transmission of the ACK/NACK state and a modula-
tion symbol that is transmitted through the PUCCH format
may be limited to follow the method defined in the conven-
tional LTE system. For example, when performing PCC fall-
back, the ACK/NACK state may be transmitted by using the
PUCCH format 1a/1b shown in FIG. 7 and the modulation
table (see Table 2).

More specifically, a case when the transmission mode of
the PCC is set to a non-MIMO mode (single CW) will first be
described. Herein, 2 ACK/NACK states will be assumed,
wherein the ACK/NACK state for the PCC is “A” or “N”, and
wherein the ACK/NACK state for all SCCs (or each CW of
the SCCs) is “N/D”. In this case, the ACK/NACK states may
be mapped to 2 constellation points on the implicit PUCCH
resource, which is linked to the PDCCH scheduling the PCC.
Herein, the 2 constellation points for the ACK/NACK states
may preferably be limited to 2 constellation points, which are
defined for the transmission of PUCCH format la ACK/
NACK respective to a single CW transmission in a single CC.
Alternatively, the 2 constellation points for the ACK/NACK
states may be limited to 2 constellation points for “AA” and
“NN”, among the 4 constellation points, which are defined for
the transmission of PUCCH format 1b ACK/NACK in a
single CC. More specifically, the mapping positions of the
ACK/NACK states on the constellation may be decided with
reference to “A”, “N” of the PCC. Preferably, the mapping
positions of the ACK/NACK states on the constellation may
be limited so that “A”, “N” of the PCC are placed at the same
positions as the “A”, “N” of PUCCH format 1a, or at the same
positions as the “AA”, “NN” of PUCCH format 1b.

Hereinafter, a case when the PCC is configured as the
MIMO mode (e.g., two CWs or 2 TBs) will be described.
Herein, 4 ACK/NACK states will be assumed, wherein the
ACK/NACK state for the PCC is “A+A” or “A+N” or “N+A”
or “N+N”, and wherein the ACK/NACK state for all SCCs (or
each CW ofthe SCCs) is “N/D”. In this case, the ACK/NACK
states may be mapped to 4 constellation points on the implicit
PUCCH resource, which is linked to the PDCCH scheduling
the PCC. Herein, the 4 constellation points for the ACK/
NACK states may preferably be limited to 4 constellation
points, which are defined for the transmission of PUCCH
format 1b ACK/NACK respective to the transmission of two
CWs in a single CC. The positions at which the ACK/NACK
states are mapped on the constellation may be decided with
reference to “A”, “N” of the each CW of the PCC. In the
description of the present invention, “N” of the PCC includes
NACK, DTX, or NACK/DTX. Preferably, on the constella-
tion, the “A”, “N” of each CW included in the PCC are
mapped to the same positions as the “A”, “N” of each CW for
of PUCCH format 1b.

FIG. 15 illustrates an exemplary PUCCH formats 1a/1b
based ACK/NACK channel selection method respective to
the transmission of a single/two CW(s) in a single CC accord-
ing to the conventional LTE. FIG. 16 illustrates an exemplary
ACK/NACK transmitting method according to a PCC fall-
back method, when the PCC is configured as a non-MIMO or
MIMO transmission mode, in a case when 3 CCs (PCC, CC1,
CC2) are aggregated. In this example, it will be assumed that
the SCCs (i.e., CC1, CC2) are all configured as the non-
MIMO transmission mode for simplicity.
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Referring to FIG. 15~16, when the ACK/NACK state is
“A” or “N” for the non-MIMO mode PCC, and when the
ACK/NACK state for all of the SCCs is “N/D”, an “explicit
ACK/NACK channel selection” method is not applied (i.e.,
PCC fallback). More specifically, the ACK/NACK state
(PCC, CC1, CC2)=(A, N/D, N/D),(N, N/D, N/D) is mapped/
transmitted to/using an implicit PUCCH resource that is
linked to the PDCCH scheduling the PCC. In this case, the
mapping relation between the ACK/NACK state and the con-
stellation mapping follows the rule of the conventional LTE
system shown in FIG. 15 with reference to the ACK/NACK
for the PCC.

Additionally, when the ACK/NACK state is “A+A” or
“A+N” or “N+A” or “N+N” for the MIMO mode PCC, and
when the ACK/NACK state for all of the SCCs is “N/D”, an
“explicit ACK/NACK channel selection” method is not
applied (i.e., PCC fallback). In this case, the mapping relation
between the ACK/NACK state and the constellation mapping
follows the rule of the conventional LTE system shown in
FIG. 15 with reference to the ACK/NACK for the PCC. More
specifically, the ACK/NACK state (PCC CW1, PCC CW2,
CC1, CC2)=(A,A,N/D,N/D), (A, N, N/D,N/D), (N, A, N/D,
N/D), (N, N, N/D, N/D) is mapped/transmitted to/using an
implicit PUCCH resource that is linked to the PDCCH sched-
uling the PCC.

Even ifthe PCC is configures as the MIMO mode, one CW
or multiple CWs being transmitted on the PCC may be sched-
uled through a single PCC PDCCH. Accordingly, in order to
perform transmission of the ACK/NACK related to the PCC,
a single implicit PUCCH resource is occupied.

Tables 5~6 respectively show exemplary ACK/NACK state
mapping tables in accordance with FIG. 16. Tables 5-6
respectively show a partial state, among the total ACK/NACK
states, when PCC fallback is being performed. The mapping
relation between the PUCCH resource, which is used for
transmitting the remaining ACK/NACK state, and the bit
value may be arbitrarily defined in the present invention.
More specifically, the mapping relation between the PUCCH
resource, which is used for transmitting the remaining ACK/
NACK state, and the bit value is don’t care (irrelevant) in the
present invention.

TABLE 5
PCC sccl scez2
HARQ- HARQ- HARQ- b(0), . . .,
ACK(0) ACK(1) ACK(2) b(M,;, - 1) d(0)
ACK  NACK/DTX  NACK/DTX 1(11) -1
NACK  NACK/DTX  NACK/DTX 0 (00) +1

Herein, HARQ-ACK(0) represents an ACK/NACK/DTX
response for a CW (or TB) of the PCC. HARQ-ACK(1)
represents an ACK/NACK/DTX response for SCC1. HARQ-
ACK(2) represents an ACK/NACK/DTX response for CW1
of SCC2. The ACK/NACK/DTX response includes ACK,
NACK, DTX or NACK/DTX. In the PCC, the NACK
includes NACK, DTX or NACK/DTX. d(0) corresponding to
the ACK/NACK state is transmitted by using an implicit
PUCCH resource, and the implicit PUCCH resource is liked
to a PDCCH that is used for scheduling the CW (or TB) of the
PCC (e.g., see Equation 1). PUCCH formats 1a/1b and, more
preferably, PUCCH format 1b may be used.
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TABLE 6
PCC sccl scez2

HARQ- HARQ-  HARQ- HARQ- b(0), .. .,
ACK(0) ACK(1)  ACK(2) ACKB3)  bM,,,-1) d(0)

ACK  ACK  NACK/DTX NACK/DTX 11 -1

ACK  NACK NACK/DTX NACK/DTX 10 j
NACK  ACK  NACK/DTX NACK/DTX 01 -
NACK NACK NACK/DTX NACK/DTX 00 1

Herein, HARQ-ACK(0) represents an ACK/NACK/DTX
response for CW1 (or TB1) of the PCC, and HARQ-ACK(1)
represents an ACK/NACK/DTX response for CW2 (or TB2)
of'the PCC. HARQ-ACK(2) represents an ACK/NACK/DTX
response for SCC1. HARQ-ACK(3) represents an ACK/
NACK/DTX response for CW1 of SCC2. The ACK/NACK/
DTX response includes ACK, NACK, DTX or NACK/DTX.
In the PCC, the NACK includes NACK, DTX or NACK/
DTX. d(0) corresponding to the ACK/NACK state is trans-
mitted by using an implicit PUCCH resource, and the implicit
PUCCH resource is liked to a PDCCH that is used for sched-
uling the CW (or TB) of the PCC (e.g., see Equation 1).
PUCCH format 1b may be used.

In FIG. 16, it is assumed that the number of SCCs is equal
to 2, and that each SCC s set to a non-MIMO mode. However,
the above-described assumption is merely exemplary. And,
therefore, the number of SCCs and the transmission mode of
each SCC may be diversely varied.

Meanwhile, when applying the multi-bit UCI coding and
(explicit) ACK/NACK channel selection method, various
methods may be considered for the SR transmission. Herein-
after, when multiple CCs (in other words, carriers, frequency
resources, cells, and so on) are aggregated, a method for
efficiently transmitting the uplink control information and,
more preferably, the ACK/NACK and the SR, and a resource
allocation method for the same will be described in detail.

For simplicity in the description, it will be assumed in the
following description that 2 CCs are configured for one user
equipment. Also, in case the CC is configured a non-MIMO
mode, it will be assumed that a maximum of one transport
block (or codeword) can be transmitted at a subframe k of the
corresponding CC. Additionally, in case the CC is configured
as a MIMO mode, it will also be assumed that a maximum of
m number (e.g., 2) of transport blocks (or codewords) can be
transmitted at a subframe k of the corresponding CC. Infor-
mation on whether or not the CC is configured as the MIMO
mode may be known by using the transmission mode, which
is configured by a higher layer. Furthermore, it will also be
assumed that the number of ACK/NACKs for the correspond-
ing CC is configured as 1 ACK/NACK (non-MIMO) or m
ACK/NACKs (MIMO) in accordance with the configured
transmission mode of the corresponding CC, regardless of the
number of actually transmitted transport blocks (or code-
words).

First of all, the terms that are used in the description of the
present invention will hereinafter be described.

HARQ-ACK: indicates a reception response result for a

downlink transmission (e.g., PDSCH or SPS release
PDCCH), i.e., an ACK/NACK/DTX response (simply
referred to as an ACK/NACK response). ACK/NACK/
DTX response represents ACK, NACK, DTX or NACK/
DTX. Also, the terms “HARQ-ACK for (or respective
to) a specific CC” or “HARQ-ACK of a specific CC”
indicates an ACK/NACK response respective to a down-
link signal (e.g., PDSCH) associated with the respective
CC (e.g., scheduled to the respective CC). Furthermore,
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the ACK/NACK state represents a combination corre-
sponding to multiple HARQ-ACKSs. Herein, the PDSCH
may be replaced with a transport block or a codeword.

PUCCH index: corresponds to a PUCCH resource. The
PUCCH index indicates, for example, a PUCCH
resource index. The PUCCH resource index is mapped
to at least one of an orthogonal cover (OC), a cyclic shift
(CS), and a PRB. In case the ACK/NACK channel selec-
tion method is applied, the PUCCH index includes a
PUCCH (resource) index for the PUCCH format 1b.

PUCCH resource linked to a CC: represents a PUCCH
resource (see Equation 1, implicit PUCCH resource)
linked to the PDCCH corresponding to the PDSCH on
the respective CC, or represents a PUCCH resource
(explicit PUCCH resource) indicated/allocated by a
PDCCH, which corresponds to a PDSCH on the respec-
tive CC. In the explicit PUCCH resource method, the
PUCCH resource may be indicated/allocated by using
an ARI (ACK/NACK Resource Indicator) of the
PDCCH.

ARI (ACK/NACK Resource Indicator): is used for the
purpose of indicating the PUCCH resource. For
example, the ARI may be used for the purpose of noti-
fying a resource modification value (e.g., offset) respec-
tive to a specific PUCCH resource (group) (which is
configured by a higher layer). In another example, the
ART may be used for the purpose of notifying a specific
PUCCH resource (group) index within a specific
PUCCH resource (group) set (which is configured by a
higher layer). The ARI may be included in a TPC (Trans-
mit Power Control) field of the PDCCH corresponding
to the PDSCH on the SCC. The PUCCH power control
may be performed through the TPC field within the
PDCCH scheduling the PCC (i.e., the PDCCH corre-
sponding to the PDSCH on the PCC). Furthermore, the
ARI may be included in the TPC field of the remaining
PDCCHps, after excluding the PDCCH that have a DAI
(Downlink Assignment Index) initial value and sched-
ules a specific cell (e.g., PCell). The ARI may be used
interchangeably with an HARQ-ACK resource indica-
tion value.

Implicit PUCCH resource: indicates a PUCCH resource/
index that is linked to a lowest CCE index of the
PDCCH, which schedules the PCC (see Equation 1).

Explicit PUCCH resource: The explicit PUCCH resource
may be indicated by using the ARI. When the ARI can-
not be applied, the explicit PUCCH resource may cor-
respond to a PUCCH resource, which is fixed in advance
by higher layer signaling. The explicit PUCCH index(s)
may be allocated to one user equipment may so that all
indexes are adjacent to one another, indexes for each
resource group are adjacent to one another, or all indexes
are independent from one another.

CC scheduling PDCCH: represents a PDCCH that sched-
ules the PDSCH on a corresponding CC. More specifi-
cally, the CC scheduling PDCCH indicates a PDCCH
corresponding to the PDSCH on the corresponding CC.

PCC PDCCH: indicates the PDCCH that schedules the
PCC. More specifically, the PCC PDCCH indicates a
PDCCH corresponding to the PDSCH on the PCC.
When it is assumed that cross-carrier scheduling is not
allowed for the PCC, the PCC PDCCH is transmitted
only on the PCC.

SCC PDCCH: indicates the PDCCH that schedules the
SCC. More specifically, the SCC PDCCH indicates a
PDCCH corresponding to the PDSCH on the SCC.
When it is assumed that cross-carrier scheduling is
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allowed for the SCC, the SCC PDCCH may be transmit-
ted on the PCC. On the other hand, if the cross-carrier
scheduling is not allowed for the SCC, the SCC PDCCH
is transmitted only on the SCC.

SR subframe: represents an uplink subframe that is config-
ured for an SR transmission. Depending upon the exem-
plary implementation, the SR subframe may be defined
as a subframe on which the SR information is transmit-
ted, or a subframe on which the transmission of the SR
information is allowed. The SR subframe may be speci-
fied by higher layer signaling (e.g., cyclic period, offset).

SR PUCCH resource: indicates a PUCCH resource that is
configured for an SR transmission. The SR PUCCH
resource is configured by a higher layer and may be
specified, for example, by the CS, OCC, PRB, and so on.

HARQ-ACK PUCCH resource: indicates a PUCCH
resource that is configured for the HARQ-ACK trans-
mission. The HARQ-ACK PUCCH resource is allo-
cated explicitly or implicitly. The HARQ-ACK PUCCH
resource may be specified, for example, by the CS, OCC,
PRB, or OCC, PRB in accordance with the PUCCH
format.

ACK/NACK bundling: indicates that a logical AND opera-
tion is performed (or processed) to multiple ACK/
NACK responses. More specifically, when all of the
multiple ACK/NACK responses correspond to ACK, the
ACK/NACK bundling result becomes ACK. And, if any
one of the multiple ACK/NACK responses corresponds
to NACK (or NACK/DTX), the ACK/NACK bundling
result becomes NACK (or NACK/DTX).

Spatial bundling: represents performing a bundling on
ACK/NACK(s) for a part or all of the transport block(s)
on a corresponding CC.

CC bundling: represents performing a bundling on ACK/
NACK(s) for a part or all of the transport block(s) on
multiple CCs.

Cross-CC scheduling: represents an operation wherein all
PDCCHs are being scheduled/transmitted through a
single PCC.

Non-cross-CC  scheduling: represents an operation
wherein a PDCCH that schedules each CC is scheduled/
transmitted through the corresponding CC.

The LTE-A system considers allowing cross-carrier sched-
uling for the DL PCC yet considers allowing only self-carrier
scheduling for the DL SCC. In this case, a PDCCH schedul-
ing a PDSCH of a DL, PCC may be transmitted only on the DL,
PCC. Conversely, a PDCCH scheduling a PDSCH of the DL
SCC may be transmitted on the DL PCC (cross-carrier sched-
uling), or on a corresponding DL SCC (self-carrier schedul-

ing)
Embodiment 1

FIG. 17 illustrates an exemplary UCI transmitting method
according to an embodiment of the present invention. It will
be assumed in this example that the user equipment is con-
figured to use the ACK/NACK channel selection method in
the CA-based FDD system. It will also be assumed that this
example is configured with one PCC and one SCC. The
drawing shows an exemplary PUCCH resource allocation (or
assignment) procedure, and the drawing is simply illustrated
by focusing on the ACK/NACK and the SR. With respect to
the ACK/NACK and the SR, three cases may be considered as
shown below.

Case 1: transmit ACK/NACK at a non-SR subframe

Case 2-1: transmit ACK/NACK at an SR subframe, nega-

tive SR
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Case 2-2: transmit ACK/NACK at an SR subframe, posi-
tive SR

Referring to FIG. 17, in case of Cases 1 and 2-1, the
ACK/NACK state is transmitted by using the ACK/NACK
channel selection method and the HARQ-ACK PUCCH
resource. For example, the ACK/NACK may be transmitted
by using the same method that is described with reference to
Tables 5~6. More specifically, ACK/NACK state mapping
tables of Tables 7~8 may be considered. Tables 7~8 respec-
tively show a partial state, among the total ACK/NACK states,
when PCC fallback is being performed. The mapping relation
between the PUCCH resource, which is being used for trans-
mitting the remaining ACK/NACK state, and the bit value
may be arbitrarily defined in the present invention. More
specifically, the mapping relation between the PUCCH
resource, which is being used for transmitting the remaining
ACK/NACK state, and the bit value is don’t care (irrelevant)
in the present invention.
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Conversely, in case of Case 2-2, spatially bundled and/or
CC-bundled ACK/NACK information respective to multiple
ACK/NACKSs of multiple CCs may be transmitted through
the SR PUCCH. The SR PUCCH resource means a PUCCH
resource (e.g., PUCCH format 1 resource), which is deter-
mined by a higher layer for the SR transmission. Preferably,
it may be considered to transmit the ACK/NACK information
for the PCC (in case of a non-MIMO PCC) or the spatially
bundled ACK/NACK information for the PCC (in case of a
MIMO PCC) and the bundled ACK/NACK information
respective to all of the remaining SCCs (secondary DL CCs)
by using the SR PUCCH resource. When two CCs (i.e., 1
PCC+1 SCC) are aggregated, the description presented above
may be understood in the sense that ACK/NACK information
that is spatially bundled for each CC may be transmitted by
using the SR PUCCH resource.
Table 9 below shows an exemplary mapping method for
bundled ACK/NACK according to this embodiment.

20
TABLE 7 TABLE 9
PCC Nee PCC scc b(0), ...,
Bundled HARQ-ACK(0) Bundled HARQ-ACK(1)  b(M,;,-1)  d(0)
HARQ- HARQ- HARQ- b(©0), ...,
ACK(0) ACK(1) ACK(2) b(M,,;,— 1) d(0) 25 ACK ACK 11 -1
ACK NACK 10 j
ACK NACK/DTX  NACK/DTX 1(11) -1 NACK ACK 01 -
NACK  NACK/DTX  NACK/DTX 0 (00) +1 NACK NACK 00 1

Herein, HARQ-ACK(0) represents an ACK/NACK/DTX
response for a CW (or TB) of the PCC. HARQ-ACK(1)
represents an ACK/NACK/DTX response for CW1 (or TB1)
of SCC, and HARQ-ACK(2) represents an ACK/NACK/
DTX response for CW2 (or TB2) of SCC. The ACK/NACK/
DTX response includes ACK, NACK, DTX or NACK/DTX.
In the PCC, the NACK includes NACK, DTX or NACK/
DTX. d(0) corresponding to the ACK/NACK state is trans-
mitted by using an implicit PUCCH resource, and the implicit
PUCCH resource is liked to a PDCCH that is used for sched-
uling the CW (or TB) of the PCC (e.g., see Equation 1).
PUCCH formats 1a/1b and, more preferably, PUCCH format
1b may be used.

TABLE 8
PCC sce

HARQ- HARQ-  HARQ- HARQ- b(0), .. .,
ACK(0) ACK(1)  ACK(2) ACKB3)  bM,,-1) d(0)

ACK  ACK  NACK/DTX NACK/DTX 11 -1

ACK  NACK NACK/DTX NACK/DTX 10 j
NACK  ACK  NACK/DTX NACK/DTX 01 -
NACK NACK NACK/DTX NACK/DTX 00 1

Herein, HARQ-ACK(0) represents an ACK/NACK/DTX
response for CW1 (or TB1) of the PCC, and HARQ-ACK(1)
represents an ACK/NACK/DTX response for CW2 (or TB2)
of'the PCC. HARQ-ACK(2) represents an ACK/NACK/DTX
response for CW1 (or TB1) of the SCC, and HARQ-ACK(3)
represents an ACK/NACK/DTX response for CW2 (or TB2)
of the SCC. The ACK/NACK/DTX response includes ACK,
NACK, DTX or NACK/DTX. In the PCC, the NACK
includes NACK, DTX or NACK/DTX. d(0) corresponding to
the ACK/NACK state is transmitted by using an implicit
PUCCH resource, and the implicit PUCCH resource is liked
to a PDCCH that is used for scheduling the CW (or TB) of the
PCC (e.g., see Equation 1). PUCCH format 1b may be used.
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Herein, bundled HARQ-ACK(0) represents a spatially
bundled ACK/NACK/DTX response for all CWs (or TBs) of
the PCC, and HARQ-ACK(1) represents a spatially bundled
ACK/NACK/DTX response for all CWs (or TBs) of the SCC.
The NACK includes NACK, DTX or NACK/DTX. In case of
this example, ACK is encoded as 1, and NACK is encoded as
0. b(0)b(1) is modulated in accordance with the table shown
above, and the modulation symbol d(0) is transmitted by
using the PUCCH resource, which is determined for the SR
transmission. PUCCH format 1b may be used.

Preferably, a combination of the bundled ACK/NACK for
the PCC and the bundled ACK/NACK for the SCC (i.e.,
bundled ACK/NACK state) may be mapped to the SR
PUCCH resource for a prevention of a non-conformity
between the base station and the user equipment during a DL,
CC reconfiguration section.

FIG. 18 illustrates a bundled ACK/NACK transmitting
method according to an embodiment of the present invention.

Referring to FIG. 18, “ACK+NACK/DTX”, which corre-
sponds to a bundled ACK/NACK state (hereinafter referred to
as a B-A/N state), respective to the bundled ACK/NACK for
all CWs of the PCC (hereinafter referred to as PB-A/N) and
to the bundled ACK/NACK for all CWs of the SCC (herein-
after referred to as SB-A/N) may be mapped to a constella-
tion point corresponding to “ACK” of PUCCH format la or
“ACK+ACK” of PUCCH format 1b. Subsequently, “NACK/
DTX+ NACK/DTX”, which corresponds to a B-A/N state,
respective to the PB—A/N and the SB-A/N may be mapped to
a constellation point corresponding to “NACK” of PUCCH
format 1a or “NACK+NACK” of PUCCH format 1b. Finally,
the B-A/N state, wherein the PB-A/N and the SB-A/N
respectively correspond to ACK+ACK, NACK/DTX+ACK,
may be arbitrarily mapped to the remaining two constellation
points, to which the B-A/N states ACK+NACK/DTX,
NACK/DTX+NACK/DTX are not mapped. According to this
example, during the DL CC reconfiguration section, the
bundled ACK/NACK response at least for a case that only the
PCC is scheduled may operate normally.
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Tables 10~11 respectively show the exemplary ACK/
NACK mapping method shown in FIG. 18.

TABLE 10
PCC sce b(0), .. .,
Bundled HARQ-ACK(0) Bundled HARQ-ACK(1) b(M,,,-1)  d(0)
ACK NACK 11 -1
ACK ACK 10 j
NACK ACK 01 -
NACK NACK 00 1
TABLE 11
PCC sce b(0), .. .,
Bundled HARQ-ACK(0) Bundled HARQ-ACK(1) b(M,;, - 1)  d(0)
ACK NACK 11 -1
NACK ACK 10 j
ACK ACK 01 -
NACK NACK 00 1

Herein, bundled HARQ-ACK(0) represents a spatially
bundled ACK/NACK/DTX response for all CWs (or TBs) of
the PCC, and HARQ-ACK(1) represents a spatially bundled
ACK/NACK/DTX response for all CWs (or TBs) of the SCC.
The NACK includes NACK, DTX or NACK/DTX. b(0)b(1)
is modulated in accordance with the table shown above, and
the modulation symbol d(0) is transmitted by using the
PUCCH resource, which is configured for the SR transmis-
sion. PUCCH format 1b may be used.

Embodiment 2

This embodiment describes a method for efficiently trans-
mitting an ACK/NACK and an SR, in a CA-based FDD
system, when the system is configured so that the user equip-
ment can use the ACK/NACK channel selection method.

In the LTE-A system, in case of the MIMO transmission
mode CC, on which a maximum of 2 CWs can be transmitted
for the ACK/NACK channel selection, an ACK/NACK chan-
nel selection method either using 2 implicit PUCCH
resources, each being linked to a lowest CCE index (nq.z) of
the PDCCH scheduling the corresponding CC and linked to
the next CCE index (n.z+1), or using one implicit PUCCH
resource and one explicit PUCCH resource, which is in
advance allocated by the RRC, may be considered. Addition-
ally, in the LTE-A system, in case of the non-MIMO trans-
mission mode CC, in which a maximum of 1 CW can be
transmitted for the ACK/NACK channel selection, an ACK/
NACK channel selection method using only one implicit
PUCCH #1, which is linked to a lowest CCE index (n.-) of
the PDCCH scheduling the respective CC, may be consid-
ered.

Table 12 below shows an exemplary ACK/NACK state-to-
symbol (S) mapping for the ACK/NACK channel selection, in
case 2 CCs are configured herein (1 MIMO CC+1 non-
MIMO CC). Herein, S represents a BPSK or QPSK symbol
being mapped/transmitted on an arbitrary constellation
within the PUCCH resource, and the number of symbols per
PUCCH resource may be varied in accordance with the over-
all number of ACK/NACK states.
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TABLE 12
MIMO CC MIMO CC non-MIMO CC
AN State PUCCH #1 PUCCH #2 PUCCH #1
State #0 S0 0 0
State #1 S1 0 0
State #2 0 S0 0
State #3 0 S1 0
State #4 0 0 S0
State #5 0 0 S1

At this point, an ACK/NACK state including DTX infor-
mation respective to a particular CC (i.e., a failure to receive/
detect PDCCH that schedules the respective CC) may not be
mapped/transmitted to/on any position within the implicit
PUCCH resource, which is linked to the PDCCH that sched-
ules the corresponding CC (i.e., which is linked to the corre-
sponding CC). Since the DTX represents that an implicit
PUCCH resource being linked to the corresponding CC is not
available, the ACK/NACK state cannot be transmitted by
using the corresponding resource. More specifically, the
implicit PUCCH resource that is linked to a particular CC and
the ACK/NACK state that is mapped to the corresponding
resource may be available/transmitted, only when the recep-
tion/detection of the PDCCH that schedules the correspond-
ing CC is successfully performed.

Under such conditions, when an ACK/NACK is required to
be transmitted at a non-SR subframe, the ACK/NACK state
may be transmitted by using the ACK/NACK channel selec-
tion method without any modification (e.g., see Tables 5-6).
Conversely, when an ACK/NACK is required to be transmit-
ted at an SR subframe, the ACK/NACK and the SR may be
transmitted by using an RS selection between HARQ-ACK
PUCCH resources, or by using a PUCCH selection between
an ACK/NACK and an SR PUCCH resource. Herein, RS
selection represents a method for identifying (or differentiat-
ing) negative/positive SRs based upon whether or not the
ACK/NACK state on the first PUCCH resource (i.e., the
ACK/NACK that is mapped to a data part of the first PUCCH
resource) is transmitted along with an RS of the first PUCCH
resource (i.e., an RS having the same CCS/OCC as the cor-
responding PUCCH resource or an RS having the same CCS/
OCC as the data part of the corresponding PUCCH resource),
or based upon whether or not the ACK/NACK state on the first
PUCCH resource is transmitted along with an RS of a second
PUCCH resource. And, a PUCCH selection represents a
method for identifying (or differentiating) negative/positive
SRs based upon whether or not the ACK/NACK state is
transmitted by using the first PUCCH resource and the RS of
the corresponding resource, or based upon whether or not the
corresponding ACK/NACK state is transmitted by using the
second PUCCH resource and the RS of the corresponding
resource. More specifically, with respect to the ACK/NACK
states over 2 PUCCH resources, which are linked to the
MIMO mode CC, the negative/positive SRs may be identified
by applying the RS selection between the corresponding
PUCCH resources (Rule 1). And, with respect to the ACK/
NACK states over 1 PUCCH resource, which is linked to the
non-MIMO mode CC, the negative/positive SRs may be iden-
tified by applying the PUCCH selection between the corre-
spodning PUCCH resource and the SR PUCCH resource
(Rule 2).

Meanwhile, when considering the ACK/NACK channel
selection using the implicit PUCCH resource, the ACK/
NACK state, which is NACK/DTX respective to all CWs of
all CCs (i.e., all being in an “N/D”’ state), may not be partially
transmitted, due to the characteristics of the implicit PUCCH
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resource. For example, for the PCC fallback, only a state (i.e.,
PCC NACK fallback state), that corresponds to “N” for all
CWs of the PCC and that corresponds to “N/D” for all CWs
of the SCC, may be transmitted though an implicit PUCCH
resource, which is linked to the PCC, and the transmission of
the state, that corresponds to “D” for all CWs of the PCC and
corresponds to “N/D” for all CWs of the SCC, can be dropped
(or abandoned). However, in case of the positive SR, since the
SR PUCCH resource (i.e., explicit PUCCH resource) can be
used, in case of the positive SR, in order to transmit all states
corresponding to “N/D”, the corresponding state may be
mapped to the SR PUCCH resource (Rule 3). Preferably, in
case the PCC is the MIMO mode, RS selection is not applied
to the positive SR+PCC NACK fallback state, and the positive
SR+PCC NACK fallback state may be replaced with the
mapping/transmission of all “N/D” states on the SR PUCCH
resource. By adopting this method, scheduling may be
requested to the base station through the positive SR trans-
mission, even in a situation when available implicit PUCCH
resources do not exist, or in a situation when the PDCCH/
PDSCH that are received by the corresponding user equip-
ment do not exist.
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Tables 13-15 respectively show an exemplary mapping
method for performing SR+ACK/NACK transmission, when
2 CCs are allocated. Table 13 shows a case being configured
of 1 MIMO CC+1 non-MIMO CC, Table 14 shows a case
being configured of 2 MIMO CCs, and Table 15 shows a case
being configured of 2 non-MIMO CCs.

In all of the following tables, “nSR” represents a negative
SR, and “pSR” represents a negative SR. More specifically,
Rule 1 may be applied for the ACK/NACK states of the 2
PUCCHs linked to the MIMO CC, and Rule 2 may be applied
for the ACK/NACK state of the 1 PUCCH linked to the
non-MIMO CC. Additionally, by applying Rule 3, when all
ACK/NACK states corresponding to “N/D” are transmitted
by using an SR PUCCH resource, in case of the positive SR,
a separate process of PCC NACK {fallback state mapping for
the positive SR may be omitted. Meanwhile, in case of Table
15 (i.e., when multiple non-MIMO CCs exist), all of the
ACK/NACK states, which are mapped to the multiple non-
MIMO CCs, may each be mapped to different constellation
points within the SR PUCCH resource for positive SR trans-
mission.

TABLE 13

SR + A/N State

non-MIMO

MIMO CCPUCCH #1 MIMO CCPUCCH#2 CC PUCCH

Datapart RSpart Datapart RS part #1 SR PUCCH

nSR + State#0
nSR + State#l
nSR + State#2
nSR + State#3
nSR + State#4
nSR + State#5
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PSR + State#3
PSR + State#4
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TABLE 15
non-MIMO CC#1  non-MIMO CC #2
SR + A/N State PUCCH #1 PUCCH #1 SR PUCCH
nSR + State#0 SO 0 0
nSR + State#1 S1 0 0
nSR + State#2 0 SO 0
nSR + State#3 0 S1 0
PSR + State#0 0 0 SO
PSR + State#1 0 0 S1
PSR + State#2 0 0 S2
PSR + State#3 0 0 S3

Embodiment 3

This embodiment describes a method for efficiently trans-
mitting an ACK/NACK and an SR, in a CA-based FDD
system, when the system is configured so that the user equip-
ment can use the ACK/NACK channel selection method or
the multi-bit UCI coding method.

When considering a method for multiplexing the SR and
the ACK/NACK by using both SR resource and ACK/NACK
resource, in order to prevent any non-conformity between the
base station and the user equipment at least with respect to
PCC scheduling within the CC 10, reconfiguration section (or
period), a mapping that is similar to the above-described PCC
fallback may be applied in the SR PUCCH resource. More
specifically, in case of a positive SR, an A/N state correspond-
ing to “A” or “N/D” for the PCC (or each CW of'the PCC) and
an A/N state corresponding “N/D” for each of the remaining
SCCS (or each CW of the remaining SCCs) may each be
mapped/transmitted through the SR PUCCH resource. Pref-
erably, the mapping positions of “A”, “N/D” for the PCC (or
each CW of the PCC), which are mapped to each constella-
tion point of the SR PUCCH resource may preferably be
identical to the mapping positions of “A”, “N”, which are
defined for a single CC allocation/operation (e.g., the map-
ping positions of “A”, “N” within PUCCH format la, or the
mapping positions of “A”, “N” for each CW within PUCCH
format 1b).

FIG. 19 illustrates an exemplary UCI transmitting method
according to another embodiment of the present invention.
Referring to FIG. 19, the mapping positions of A, N/D for the
PCC (or each CW of the PCC), which are mapped to each
constellation point of the SR PUCCH resource may prefer-
ably be identical to the mapping positions of A, N, which are
defined for a single CC allocation/operation (e.g., the map-
ping positions of A, N within PUCCH format la, or the
mapping positions of A, N for each CW within PUCCH
format 1b).

Preferably, in case the user equipment receives only the
PCC scheduling, i.e., the PDSCH that is scheduled/transmit-
ted through PCC (referring to the PDSCH or PDCCH (e.g.,
PDCCH ordering (or commanding) an SPS release) each
requiring an ACK/NACK response), the mapping method
according to this embodiment of the present invention may be
applied. More specifically, in case of a positive SR, an A/N
state that corresponds to “A” or “N” for the PCC (or each CW
of the PCC) and corresponds to “DTX” for each of the
remaining SCCs (or each CW ofthe remaining SCCs) may be
mapped/transmitted to/through the SR PUCCH resource. In
other words, this example corresponds to a case that the
“N/D” of the PCC is changed to “N”, and the “N/D” of each
SCC (CC1, CC2) is changed to “D” in FIG. 19.

Additionally, in another example, the application of the
mapping method according to the embodiment of the present
invention may be limited only to the case when the user
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equipment does not receive even a single PDSCH (referring
to the PDSCH or PDCCH (e.g., PDCCH ordering (or com-
manding) an SPS release) each requiring an ACK/NACK
response)) through all CCs. More specifically, in case of a
positive SR, an A/N state, that corresponds to “DTX” for the
PCC (or each CW of the PCC) and corresponds to “DTX” for
each of the remaining SCCS (or each CW of the remaining
SCCs), may be mapped/transmitted to/through the SR
PUCCH resource. In other words, this example corresponds
to a case that the A/N state corresponding to “AN/D,N/D” is
omitted, and the “N/D” of both the PCC and SCCs (CC1,
CC2) are changed to “D” in FIG. 19.

The A/N state mapping within the SR resource may each be
applied to a case when FDD ACK/NACK transmission is
performed by using an E-PUCCH format based “multi-bit
UCI coding” method or by using a minimum and/or explicit
PUCCH resource based “ACK/NACK channel selection”
method.

FIG. 20 illustrates an exemplary UCI transmitting method
according to yet another embodiment of the present inven-
tion. For simplicity, it will be assumed that the ACK/NACK is
transmitted by using the multi-bit UCI coding method. The
drawing shows an exemplary PUCCH resource allocation
procedure mostly focusing on the ACK/NACK and the SR.

Withrespect to the ACK/NACK and the SR, four cases may
be considered as shown below.

Case 1: transmit ACK/NACK at a non-SR subframe

Case 2: transmit ACK/NACK at an SR subframe, predeter-

mined condition not satisfied

Case 3-1: transmit ACK/NACK at an SR subframe, prede-

termined condition satisfied, negative SR

Case 3-2: transmit ACK/NACK at an SR subframe, prede-

termined condition satisfied, positive SR

Referring to FIG. 20, in case of Case 1, the ACK/NACK is
transmitted by using the multi-bit UCI coding method. More
specifically, the ACK/NACK is transmitted by using the
E-PUCCH format/resource, which is described above with
reference to FIG. 12~13. The HARQ-ACK PUCCH resource
for the E-PUCCH format may be explicitly allocated (or
assigned) by using the ARI. As shown in Table 4, the HARQ-
ACK PUCCH resource for the E-PUCCH format may be
indicated by a TPC (Transmit Power Control) field value of at
least one or more SCC PDCCHs.

Cases 2, 3-1 and 3-2 respectively show exemplary cases
when the ACK/NACK is to be transmitted at an SR subframe.
Case 2 indicates a case when a predetermined condition is not
satisfied, and Cases 3-1/3-2 respectively indicates a case
when a predetermined condition is satisfied.

Herein, the predetermined condition includes a case when
the ACK/NACK state corresponds to “A” or “N/D” for the
PCC (or each CW of'the PCC) and corresponds to “D” for the
remaining SCCs (or each CW of the remaining SCCs). In
other words, the predetermined condition includes a case
when one PDSCH or one SPS release PDCCH is detected
only on the PCC. When the predetermined condition is not
satisfied (i.e., Case 2), the user equipment may perform joint
coding on the ACK/NACK information and the SR informa-
tion (e.g., 1-bit for indicating negative/positive SR) (e.g.,
negative SR: 0, positive SR: 1) and may then transmit the
joint-coded information. The joint-coded ACK/NACK+SR
may be transmitted by using the E-PUCCH format/resource.
When the predetermined condition is satisfied, and when the
SR corresponds to a negative SR (i.e., Case 3-1), the user
equipment may transmit the ACK/NACK by using PUCCH
formats 1a/1b and the implicit PUCCH resource of the con-
ventional LTE system. Alternatively, when the predetermined
condition is satisfied, and when the SR corresponds to a
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positive SR (i.e., Case 3-2), the user equipment may transmit
the ACK/NACK by using the PUCCH resource, which is
configured for the SR transmission. In this case, the ACK/
NACK may be transmitted by using the PUCCH formats
la/lb.

Embodiment 4

The conventional LTE TDD system uses an ACK/NACK
bundling method and an ACK/NACK channel selection
method in order to transmit the ACK/NACK. Meanwhile,
when the ACK/NACK is transmitted at an SR subframe and
when the respective SR corresponds to a negative SR, the user
equipment transmits the ACK/NACK by using a configured
ACK/NACK transmission method (i.e., ACK/NACK bun-
dling or ACK/NACK channel selection) and HARQ-ACK
PUCCH resources. Conversely, when the ACK/NACK is
transmitted at the SR subframe and when the respective SR
corresponds to a positive SR, the user equipment maps a
number of ACKs (i.e., ACK counter) for the PDSCH, which is
received through multiple DL subframes, to constellation
points [b(0),b(1)] within the SR resource, thereby transmit-
ting the ACKs.

Table 16 below shows a relation between the number of
ACKs and b(0),b(1) within the conventional LTE TDD.

TABLE 16

Number of ACK among multiple (U 4; + Ngpg)

ACK/NACK responses b(0), b(1)

0 or None (UE detect at least one DL assignment is missed)

(o I IC NV U S
O, R OR RO Rk O
— O R R OO =O

Herein, U, represents a total number of PDCCH(s) hav-
ing allocated PDSCH transmission and PDCCHs indicating
downlink SPS release, which are detected by the user equip-
ment from subframe(s) n-k (keK). N, indicates a number
of PDSCH transmissions without corresponding PDCCH
within the subframe(s) n—k (keK). Subframe n corresponds to
the SR subframe.

K is given by a UL-DL configuration. And, Table 17 below
shows K: {ky, ki, . . . Ky, 1}, which is defined in the conven-
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multiple CCs are aggregated, it may be considered to transmit
multiple ACK/NACK information/signals respective to mul-
tiple PDSCHs, which are received through multiple DL sub-
frames and multiple CCs, through a specific CC (i.e., A/N
CC) at a UL subframe, which corresponds to the respective
multiple DL subframes.

Two different methods for the ACK/NACK transmission
may be considered as described below.

Full ACK/NACK method: a plurality of ACK/NACKSs cor-
responding to a maximum number of CWs, which can be
transmitted through all CCs allocated to the user equip-
ment and multiple DL subframes (i.e., sf n—-k(keK)),
may be transmitted.

Bundled ACK/NACK method: a total number of transmit-
ted ACK/NACK bits may bereduced by applying at least
one of CW bundling, CC bundling, and subframe (SF)
bundling, thereby being transmitted.

CW bundling refers to applying ACK/NACK bundling for
each CC with respect to each DL SF. CC bundling refers to
applying ACK/NACK bundling to all CCs or a portion of the
CCs with respect to each DL SF. SF bundling refers to apply-
ing ACK/NACK bundling to each CC with respect to all DL
SFs or a portion of the DL SFs. ACK/NACK bundling refers
to a logical AND operation process to multiple ACK/NACK
responses. Meanwhile, in case of SF bundling, an “ACK-
counter” method, which notifies a total number of ACKs (or
anumber of some of the ACK3s) for each CC with respect to all
PDSCHs or DL grant PDCCHs received for each CC, may be
additionally considered. In this embodiment, the ACK
counter may be defined as described (or defined) in Table 16,
ormay be defined as described below. The difference between
the definition shown in Table 16 and the definition described
below is that the number of ACKs is counted as 0, when at
least one NACK exists.

ACK counter: corresponds to a method for notifying a total
number of ACKs (or a partial number of ACKs), which
are received for all PDSCHs. More specifically, the
number of ACKs is notified by the user equipment, only
when all of the received PDSCHs correspond to ACK,
and when no DTX is detected. And, when the user equip-
ment detects the DTX, or when at least one NACK exists
for the received PDSCH, the number of ACKs may be
notified as 0 (processed as DTX or NACK).

Meanwhile, an ACK/NACK payload, which is generated
by using the full ACK/NACK method or the bundled ACK/
NACK method, may be transmitted by using a “multi-bit UCI

tional LTE TDD. coding” or “ACK/NACK channel selection” based ACK/
TABLE 17
UL-DL Subframe n

Configuration 0 1 2 3 4 5 6 7 8 9
0 - 6 — 4 - 6 4
1 - 7,6 4 - - — 756 4
2 87,46 — 87,46 — —
3 — 7611 6,5 5,4 — - -
4 — — 12,8,7,11 6,547 — — — - -
5 . 13,12,9,8, — - - — S

7,5, 4,11,

6 —_ — 7 7 5 —_ — 7 Fa—

Hereinafter, a method enabling the user equipment to effi- ¢5 NACK transmission method. The “multi-bit UCI coding” or

ciently transmit the ACK/NACK and the SR in the CA based
TDD system will be described. In the TDD system, when

“ACK/NACK channel selection” may be adaptively applied
based upon an ACK/NACK payload size.
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Preferably, for a positive SR in the SR subframe, and when
only the PCC scheduling PDSCH(s) (i.e., PDSCH(s) being
scheduled/transmitted through the PCC) is/are received in the
multiple DL subframes corresponding to the SR subframe,
the user equipment may map/transmit the ACK/NACK on the
SR resource by applying an ACK counter or SF bundling
method for only the PDSCH of the PCC. In the SR subframe,
for a negative SR, the user equipment may transmit the ACK/
NACK by using “multi-bit UCI coding” or “ACK/NACK
channel selection” and HARQ-ACK PUCCH resources.

Preferably, for a positive SR in the SR subframe, and when
not a single PDSCH is received through all CCs within the
multiple DL subframes corresponding to the SR subframe,
the user equipment may map/transmit the ACK/NACK on the
SR resource by applying an ACK counter or SF bundling
method for only the PDSCH of the PCC. In the SR subframe,
for a negative SR, the user equipment may transmit the ACK/
NACK by using “multi-bit UCI coding” or “ACK/NACK
channel selection” and HARQ-ACK PUCCH resources.

Preferably, when multi-bit UCI coding is applied for TDD
ACK/NACK transmission, for a positive SR in the SR sub-
frame, and when the ACK/NACK(s) for the PDSCH, which is
received through all secondary CC(s) excluding the PCC,
corresponds to NACK or DTX, the user equipment may map/
transmit ACK counter information respective to the multiple
DL subframes of the PCC on the SR resource. In the SR
subframe, for a negative SR, the user equipment may transmit
the ACK/NACK by using “multi-bit UCI coding” or “ACK/
NACK channel selection” and HARQ-ACK PUCCH
resources.

Preferably, when ACK counter based ACK/NACK channel
selection is applied for TDD ACK/NACK transmission and
when the SR subframe corresponds to a positive SR, the user
equipment may always map/transmit the ACK counter infor-
mation respective to the multiple DL subframes of the PCC,
regardless of whether or not a PDSCH, which is scheduled to
the secondary CC(s), is received (and regardless of the
respective ACK/NACK response). In the SR subframe, for a
negative SR, the user equipment may transmit the ACK/
NACK by using “multi-bit UCI coding” or “ACK/NACK
channel selection” and HARQ-ACK PUCCH resources.

Additionally, in a TDD situation, a case when a DAI
(Downlink Assignment Index) is independently operated for
each CC may be considered. More specifically, a case when
DAI signaling is performed only to the PDSCH of the corre-
sponding CC through a PDCCH. Preferably, the DAI may
correspond to a DAI-counter (e.g., a parameter notifying a
scheduling order of the PDSCH, which is scheduled based
upon a pre-decided order (e.g., DL subframe order)). In case
of using the DAI-counter, the user equipment may perform
operations of 1) notifying the number of ACKs to the base
station, only when the number of received DAIs is equal to the
total number of ACKs, to the base station or 2) notifying a
number of ACKs corresponding to the DAI-counter value,
which is consecutively (or continuously) increased starting
from an initial DAI-counter value (or starting from the respec-
tive PDSCH), to the base station. The DAI may have the
initial values of O or 1.

Preferably, for a positive SR in the SR subframe, and when
the user equipment receives a PDSCH corresponding to a
PDCCH with an initial DAI value, a single PDCCH indicat-
ing SPS release, and/or a single SPS PDSCH (i.e., PDSCH
without corresponding PDCCH) only through the PCC, the
user equipment may map/transmit ACK/NACK information
(e.g., ACK counter information) on the PDSCH correspond-
ing to the initial DAI or the PDCCH and/or the SPS PDSCH
of the PCC. Additionally, for a positive SR in the SR sub-
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frame, when not a single PDSCH or PDCCH is received
through all CCs within the multiple DL subframes corre-
sponding to the SR subframe (i.e., when no PDSCH or
PDCCH transmission is performed with respect to the user
equipment), the user equipment may map/transmit a bit value
(or modulation value) corresponding to number of ACKs=0
on the SR resource. In the SR subframe, for a negative SR, the
user equipment may transmit the ACK/NACK by using
“multi-bit UCI coding” or “ACK/NACK channel selection”
and HARQ-ACK PUCCH resources.

FIG. 21 illustrates an exemplary UCI transmitting method
according to yet another embodiment of the present inven-
tion. For simplicity, it will be assumed that the ACK/NACK is
transmitted by using the multi-bit UCI coding method. The
drawing shows an exemplary PUCCH resource allocation
procedure mostly focusing on the ACK/NACK and the SR.

Withrespect to the ACK/NACK and the SR, four cases may
be considered as shown below.

Case 1: transmit ACK/NACK at a non-SR subframe

Case 2: transmit ACK/NACK at an SR subframe, predeter-
mined condition not satisfied

Case 3-1: transmit ACK/NACK at an SR subframe, prede-
termined condition satisfied, negative SR

Case 3-2: transmit ACK/NACK at an SR subframe, prede-
termined condition satisfied, positive SR

Referring to FIG. 21, in case of Case 1, the ACK/NACK is
transmitted by using the multi-bit UCI coding method. More
specifically, the ACK/NACK is transmitted by using the
E-PUCCH format/resource, which is described above with
reference to FIG. 12~13. The PUCCH resource for the
E-PUCCH format may be explicitly allocated (or assigned).
As shown in Table 4, the PUCCH resource may be indicated
by using an ARI, which is signaled through a specific
PDCCH. Herein, the specific PDCCH may correspond to any
one of the PDCCHs excluding a PDCCH having an initial
DAI value and scheduling the PCell.

Cases 2, 3-1 and 3-2 respectively show exemplary cases
when the ACK/NACK is to be transmitted at the SR subframe.
Case 2 indicates a case when a predetermined condition is not
satisfied, and Cases 3-1/3-2 respectively indicates a case
when a predetermined condition is satisfied.

Herein, the predetermined condition includes at least one
of cases (1)~(4) described below.

(1) A single PDSCH transmission indicated by the detec-
tion of a PDCCH with an initial DAI (Downlink Assign-
ment Index) value exists only on the PCell. The initial
DAI value may be O or 1.

(2) A single PDCCH transmission having an initial DAI
(Downlink Assignment Index) value and indicating a
downlink SPS (Semi Persistent Scheduling) release
exists only on the PCell. The initial DAI value may be 0
orl.

(3) A single PDSCH transmission without corresponding
PDCCH exists only on the PCell.

When the predetermined condition is not satisfied (i.e.,
Case 2), the user equipment may perform joint coding on the
ACK/NACK information and the SR information (e.g., nega-
tive/positive SR indicating 1-bit) (e.g., negative SR: 0, posi-
tive SR: 1) and may then transmit the joint-coded informa-
tion. The joint-coded ACK/NACK+SR may be transmitted by
using the E-PUCCH format/resource. The HARQ-ACK
PUCCH resource for the E-PUCCH format may be explicitly
allocated by using the AM. For example, the HARQ-ACK
PUCCH resource for the E-PUCCH format may be indicated
by the value of a TPC (Transmit Power Control) field of at
least one or more SCell PDCCH and/or at least one or more
Pcell PDCCHs that do not correspond to the initial DAI value.
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When the predetermined condition is satisfied, and when
the SR corresponds to a negative SR (i.e., Case 3-1), the user
equipment may transmit the ACK/NACK by using PUCCH
formats 1a/1b and the implicit PUCCH resource of the con-
ventional LTE system. An implicit PUCCH resource may be
used for cases (1)(2), and an explicit PUCCH resource may be
used for case (3). For example, the ACK/NACK may be
transmitted in accordance with the ACK/NACK channel
selection method using PUCCH format 1b. Alternatively,
when the predetermined condition is satisfied, and when the
SR corresponds to a positive SR (i.e., Case 3-2), the user
equipment may transmit the ACK/NACK by using the
PUCCH resource, which is configured for the SR transmis-
sion. In this case, the ACK/NACK may be transmitted by
using the PUCCH formats 1b.

FIG. 22 illustrates an exemplary base station and an exem-
plary user equipment that can be applied to the embodiment
of'the present invention. When a relay is included in a wireless
(or radio) communication system, in a Backhaul link, com-
munication is realized between the base station and the relay.
And, in an access link, communication is realized between
the relay and the user equipment. Therefore, depending upon
the respective situation, the terms base station and user equip-
ment may be adequately replaced by the term relay.

Referring to FIG. 22, a wireless communication system
includes a base station (BS, 110) and a user equipment (UE,
120). The base station (110) includes a processor (112), a
memory (114), and a Radio Frequency (RF) unit (116). The
processor (112) may be configured to realize the procedures
and/or methods proposed in the present invention. The
memory (114) is connected to the processor (112) and stores
diverse information related to the operations of the processor
(112). The RF unit (116) is connected to the processor (112)
and transmits and/or receives radio signals. The user equip-
ment (120) includes a processor (122), a memory (124), and
an RF unit (126). The processor (122) may be configured to
realize the procedures and/or methods proposed in the present
invention. The memory (124) is connected to the processor
(122) and stores diverse information related to the operations
of'the processor (122). The RF unit (126) is connected to the
processor (122) and transmits and/or receives radio signals.
The base station (110) and/or the user equipment (120) may
have a single antenna or multiple antennae.

The embodiments described above correspond to predeter-
mined combinations of elements and features and character-
istics of the present invention. Moreover, unless mentioned
otherwise, the characteristics of the present invention may be
considered as optional features of the present invention.
Herein, each element or characteristic of the present invention
may also be operated or performed without being combined
with other elements or characteristics of the present inven-
tion. Alternatively, the embodiment of the present invention
may be realized by combining some of the elements and/or
characteristics of the present invention. Additionally, the
order of operations described according to the embodiment of
the present invention may be varied. Furthermore, part of the
configuration or characteristics of any one specific embodi-
ment of the present invention may also be included in (or
shared by) another embodiment of the present invention, or
part of the configuration or characteristics of any one embodi-
ment of the present invention may replace the respective
configuration or characteristics of another embodiment of the
present invention. Claims that do not have any explicit cita-
tions within the scope of the claims of the present invention
may either be combined to configure another embodiment of
the present invention, or new claims may be added during the
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amendment of the present invention after the filing for the
patent application of the present invention.

Inthis document, the embodiments of the present invention
will be described by mainly focusing on the data transmission
and reception relation between the base station and the ter-
minal (or user equipment). Occasionally, in the description of
the present invention, particular operations of the present
invention that are described as being performed by the base
station may also be performed by an upper node of the base
station. More specifically, in a network consisting of multiple
network nodes including the base station, it is apparent that
diverse operations that are performed in order to communi-
cate with the terminal may be performed by the base station or
b network nodes other than the base station. Herein, the term
Base Station may be replaced by other terms, such as fixed
station, Node B, eNode B (eNB), Access Point (AP), and so
on. And, the term User Terminal may be replaced by other
terms, such as UE (User Equipment), MS (Mobile Station),
MSS (Mobile Subscriber Station), and so on.

The above-described embodiments of the present inven-
tion may be implemented by using a variety of methods, e.g.,
being realized in the form of hardware, firmware, or software,
or in a combination of hardware, firmware, and/or software.
In case of implementing the embodiments of the present
invention in the form of hardware, the method according to
the embodiments of the present invention may be imple-
mented by using at least one of ASICs (application specific
integrated circuits), DSPs (digital signal processors), DSPDs
(digital signal processing devices), PLDs (programmable
logic devices), FPGAs (field programmable gate arrays), pro-
cessors, controllers, micro controllers, micro processors, and
SO on.

In case of implementing the embodiments of the present
invention in the form of firmware or software, the method
according to the embodiments of the present invention may
be implemented in the form of a module, procedure, or func-
tion performing the above-described functions or operations.
A software code may be stored in a memory unit and driven
by aprocessor. Herein, the memory unit may be located inside
oroutside of the processor, and the memory unit may transmit
and receive data to and from the processor by using a wide
range of methods that have already been disclosed.

It will be apparent to anyone skilled in the art that the
present invention can be realized in another concrete configu-
ration (or formation) without deviating from the scope and
spirit of the characteristics of the present invention. There-
fore, in all aspect, the detailed description of present inven-
tion is intended to be understood and interpreted as an exem-
plary embodiment of the present invention without limitation.
The scope of the present invention shall be decided based
upon a reasonable interpretation of the appended claims of
the present invention and shall come within the scope of the
appended claims and their equivalents.

INDUSTRIAL APPLICATIONS

The present invention may be used in wireless communi-
cation devices, such as user equipments, relays, base stations,
and so on.

What is claimed is:

1. A method for transmitting uplink control information at
a communication device configured with plural cells in a
wireless communication system, the method comprising:

receiving, by the communication device, a plurality of data

blocks for each cell of the plural cells, the plural cells
including aprimary cell (PCell) and a secondary cell
(SCell);
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generating, by the communication device, reception
response information in response to the received data
blocks; and

transmitting, by the communication device, the reception

response information throughusing a physical uplink
control channel (PUCCH) resource,
wherein, for a positive scheduling request (SR), the recep-
tion response information is bundled for each cell of the
plural cells and mapped to a first bit b(0) and a second bit
b(1), and the PUCCH resource is a predetermined SR
PUCCH resource,

wherein the first bit b(0) represents a bundled hybrid auto-
matic repeat request acknowledgement (HARQ-ACK)
bit for the PCell and the second bit b(1) represents a
bundled HARQ-ACK bit for the SCell, and

wherein, for a negative SR, the PUCCH resource is a

HARQ-ACK PUCCH resource.

2. The method of claim 1, wherein the HARQ-ACK
PUCCH resource is different than the predetermined SR
PUCCH resource.

3. The method of claim 1, wherein the first bit b(0) and the
second bit b(1) represent bundled HARQ-ACK responses as
follows:

Bundled HARQ-ACK
response for the PCell

Bundled HARQ-ACK

b(0), b(1) response for the SCell

11 ACK ACK
10 ACK NACK/DTX
01 NACK/DTX ACK
00 NACK/DTX NACK/DTX

wherein NACK/DTX indicates negative acknowledge-
ment (NACK) or discontinuous transmission (DTX).
4. The method of claim 1, wherein the first bit b(0) and the
second bit b(1) represent bundled HARQ-ACK responses as
follows:

Bundled HARQ-ACK
response for the PCell

Bundled HARQ-ACK

b(0), b(1) response for the SCell

11 ACK NACK/DTX
10 ACK ACK
01 NACK/DTX ACK
00 NACK/DTX NACK/DTX

wherein NACK/DTX indicates negative acknowledge-
ment (NACK) or discontinuous transmission (DTX).
5. The method of claim 1, wherein the first bit b(0) and the
second bit b(1) represent bundled HARQ-ACK responses as
follows:

Bundled HARQ-ACK
response for the PCell

Bundled HARQ-ACK

b(0), b(1) response for the SCell

11 ACK NACK/DTX
10 NACK/DTX ACK
01 ACK ACK
00 NACK/DTX NACK/DTX

wherein NACK/DTX indicates negative acknowledge-

ment (NACK) or discontinuous transmission (DTX).

6. The method of claim 1, wherein, for the negative SR, the
reception response information is transmitted in accordance
with a channel selection method.

7. The method of claim 6, wherein the channel selection
method comprises selecting the HARQ-ACK PUCCH
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resource from multiple HARQ-ACK PUCCH resources, and
transmitting a bit value corresponding to the reception
response information using the selected HARQ-ACK
PUCCH resource.

8. The method of claim 1,

wherein the communication device is set to a frequency

division duplex (FDD) mode, and

wherein the communication device is set to a channel

selection mode for transmitting reception response
information.

9. A communication device configured to transmit uplink
control information and configured with plural cells in a
wireless communication system, the communication device
comprising:

a Radio Frequency (RF) unit; and

a processor operatively connected to the RF unit and con-

figured to:

receive a plurality of data blocks for each cell of the plural

cells, the plural cells including a primary cell (PCell) and
a secondary cell (SCell),

generate reception response information in response to the

received data blocks, and
transmit the reception response information using a physi-
cal uplink control channel (PUCCH) resource,

wherein, for a positive scheduling request (SR), the recep-
tion response information is bundled for each cell of the
plural cells and mapped to afirst bit b(0) and a second bit
b(1), and the PUCCH resource is a predetermined SR
PUCCH resource,

wherein the first bit b(0) represents a bundled hybrid auto-
matic repeat request acknowledgement (HARQ-ACK)
bit for the PCell and the second bit b(1) represents a
bundled HARQ-ACK bit for the SCell, and

wherein, for a negative SR, the PUCCH resource is a

HARQ-ACK PUCCH resource.

10. The communication device of claim 9, wherein the
HARQ-ACK PUCCH resource is different than the predeter-
mined SR PUCCH resource.

11. The communication device of claim 9, wherein the first
bit b(0) and the second bit b(1) represent bundled HARQ-
ACK responses as follows:

Bundled HARQ-ACK Bundled HARQ-ACK
b(0), b(1) response for the PCell response for the SCell
11 ACK ACK
10 ACK NACK/DTX
01 NACK/DTX ACK
00 NACK/DTX NACK/DTX

wherein NACK/DTX indicates negative acknowledge-
ment (NACK) or discontinuous transmission (DTX).
12. The communication device of claim 9, wherein the first
bit b(0) and the second bit b(1) represent bundled HARQ-
ACK responses as follows:

Bundled HARQ-ACK
response for the PCell

Bundled HARQ-ACK

b(0), b(1) response for the SCell

11 ACK NACK/DTX
10 ACK ACK
01 NACK/DTX ACK
00 NACK/DTX NACK/DTX

wherein NACK/DTX indicates negative acknowledge-
ment (NACK) or discontinuous transmission (DTX).
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13. The communication device of claim 9, wherein the first
bit b(0) and the second bit b(1) represent bundled HARQ-
ACK responses as follows:

Bundled HARQ-ACK Bundled HARQ-ACK

b(0), b(1) response for the PCell response for the SCell
11 ACK NACK/DTX
10 NACK/DTX ACK
01 ACK ACK 10
00 NACK/DTX NACK/DTX

wherein NACK/DTX indicates negative acknowledge-

ment (NACK) or discontinuous transmission (DTX).

14. The communication device of claim 9, wherein, for the 15
negative SR, the reception response information is transmit-
ted in accordance with a channel selection method.

15. The communication device of claim 14, wherein the
channel selection method comprises selecting the HARQ-
ACK PUCCH resource from multiple HARQ-ACK PUCCH 20
resources, and transmitting a bit value corresponding to the
reception response information using the selected HARQ-
ACK PUCCH resource.

16. The communication device of claim 9,

wherein the communication device is set to a frequency 25

division duplex (FDD) mode, and

wherein the communication device is set to a channel

selection mode for transmitting reception response
information.
30



